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ABSTRACT 
Half-sib and full-sib reciprocal recurrent selection (RRS) in maize (Zea mays L.) have 
been successful methods of simultaneous, reciprocal improvement of two populations to 
maximize the performance of the population cross. Objective of this study was to use 
computer simulation to compare responses to selection of populations themselves and 
their crosses for half-sib RRS and full-sib RRS and their modification. The modification 
included an additional generation of inbreeding before producing testcross progenies (S2 
plants as recombination units). Parental populations included 110 individuals through­
out selection cycles. Evaluation of each individual in both RRS methods was based 
on the mean performance of 10 testcross progeny. Five females per male were used to 
produce testcross progenies in half-sib RRS. Selection intensity was 10% in all instances. 
Assumptions for the simulation studies included individuals that were diploid with two 
alleles per locus; expression of quantitative trait was determined by 40 loci; 40 loci were 
independently segregating; and genotype x environmental interaction was not included. 
There were 22 initial conditions corresponding to two sets of parental initial popu­
lation gene frequencies and 11 genetic models. Two sets of parental initial populations 
gene frequencies were equal and unequal. The genetic models used were additive, dom­
inance (3 models), and epistasis (7 models). Half-sib RRS and full-sib RRS and their 
modification were simulated for each of 22 initial conditions. Three replications of each 
initial condition were conducted for 20 cycles of selection. 
The simulation study indicated that the efficiency of full-sib RRS was similar to 
half-sib RRS for 21 initial conditions with Si plants as recombination units. The linear 
response of half-sib RRS was 1.7 times significantly (p < 0.01) greater than full-sib RRS 
for the genetic model that included complete dominance and dominance x dominance 
epistasis with Si plants as recombination units. There were no significant differences, 
however, between full-sib and half- sib RRS with S2 plants as recombination units for all 
22 initial conditions. Use of S2 plants as recombination units increased selection response 
from both full-sib RRS and half-sib RRS. Compared with half-sib RRS, full-sib RRS 
evaluates 50% fewer testcross progenies, but has the same efficiency of half-sib RJIS. 
Full-sib RRS with S2 plants as recombination units could be a more efficient method of 
interpopulation improvement in maize breeding. 
1 
1 INTRODUCTION 
The early stage of maize (Zea mays L.) breeding methodology was based mainly 
on selecting desirable plants from genetically diverse populations and inbreeding those 
selected plants until a high level of homozygosity was achieved. After several generations 
of inbreeding, inbred lines were evaluated for combining ability, and superior lines were 
selected as parents of the first cycle of the commercial hybrid cultivars. The parents 
of the second and later cycles of commercial hybrid cultivars were obtained from selfed 
lines of crosses between superior parents of the previous cycle. Hybrids of the second 
and later cycle lines, however, were not always superior to the crosses of the first cycle 
lines because rapid inbreeding without selection for combining ability was not enough 
to increase the frequency of the desirable alleles in the population. 
Jenkins (1940) introduced a procedure to improve a parental population before iso­
lation of inbred lines for use as parents of hybrid cultivars. Jenkins' selection procedure 
was to develop one generation of selfed lines from the parental population, cross those 
selfed lines to a broad-based (heterogeneous) tester, evaluate the testcross progenies, 
intercross selected lines to form a new population, and repeat the above procedure. 
This method is now termed as recurrent selection for general combining ability. Hull 
(1945) modified Jenkins' procedure using an inbred line or single-cross tester instead of 
a broad-based tester. Hull (1945) called his procedure as recurrent selection for specific 
combining ability. The average performance of a line in hybrid combination is defined as 
general combining ability. The deviation from performance of a specific hybrid combina­
tion predicted on the basis of general combining ability is defined as specific combining 
9 
ability (Sprague and Tatum, 1942). 
Recurrent selection is defined as a breeding procedure that gradually increases the 
more favorable alleles included in a group of foundation individuals into a single indi­
vidual by systematic selection of desirable individuals from a population followed by 
recombination of the selected individuals (or their self progeny) to form a new popula­
tion. Jenkins' procedure was based on the assumption that heterosis was due to com­
plete or partial dominance gene action (dominance hypothesis), while Hull's procedure 
assumed that overdominance gene action (overdominance hypothesis) and/or epistasis 
(non-allelic interactions) were greater importance. 
Comstock et al. (1949) introduced a procedure for the simultaneous, reciprocal 
improvement of two populations to maximize the performance of the populations cross 
using one population as the tester for the other population. Hence, two sets of testcrosses 
are evaluated for each cycle of selection. This method was designed to exploit maximum 
use of both general and specific combining ability (all types of gene action). Comstock 
et al. (1949) designated the method as reciprocal recurrent selection (RRS), which 
is referred to as reciprocal half-sib selection (half-sib RRS). Half-sib RRS consists of 
selecting plants in each of two populations based on the performance of their progeny 
derived from mating to several random plants of the opposite population. RRS has 
proven to be a successful method for improving the performance of a cross population 
and to increase the heterosis between populations (Hallauer and Miranda, 1995). 
Hallauer and Eberhart (1970) introduced reciprocal full-sib selection (full-sib RRS) 
as another method of simultaneous, reciprocal improvement of two populations to max­
imize the heterosis between populations. Full-sib RRS consists of selecting individuals 
in each of two populations based on their crossbred progeny performance. Selection of 
individuals in full-sib RRS is based on performance of full-sib families rather than mix­
ture of full and half-sib families in half-sib RRS. The main advantage of full-sib RRS is 
that it can evaluate more individuals than does half-sib RRS. Superior families can be 
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reproduced if they are found in full-sib RRS, since seeds of both parents are available 
(Jones et al., 1971). There are several modifications of full-sib and half-sib RRS based 
on number of generations of inbreeding before performing testcrosses and the type of 
tester used to evaluate testcross progenies for half-sib RRS. 
Estimates of progress from selection axe one of the more important considerations 
for verifying the effectiveness of a given breeding program or comparing the relative 
efficiency of different breeding programs. There are three different approaches to es­
timate the progress from selection: field evaluations, mathematical predictions, and 
simulation studies. Although the most reliable information is provided by field eval­
uations, this method is controlled by several limiting factors, such as time, resources, 
and money. Genetic selection theory is closely related to probability and statistics, and 
derived mathematical formulas under reasonable assumptions can be used to predict 
the progress from selection. Those mathematical formulas normally depend on infinite 
population theory, simplified assumptions, and cumbersome equations, and violations 
of assumptions may cause departures from the reality. Classical genetic theory has firm 
probabilistic basis, so that, with the rapid development of high-speed electronic comput­
ers, Monte Carlo methods of genetic simulation can be used as an intermediate step to 
fill the gap between field evaluations and mathematical predictions. There are two lim­
itations, however. First, Monte Carlo requires simplification of genetic situations and, 
second, general conclusions are limited to a specific set of genetic conditions (Cress, 
1967). 
Griffing (1962) derived mathematical expressions for predicting genetic gain for all 
mating systems involving two populations. Fraser and Burnell (1970) and Goldberg 
(1989) described detailed logics of genetic simulations. Cress (1967) used computer sim­
ulation to study half-sib RRS and its two modifications. Jones et al. (1971) compared 
half-sib and full-sib RRS algebraically and with computer simulation. Jones et al. (1971) 
reported that full-sib RRS gives greater rate of response under lower selection intensity 
4 
and when the environmental variance is large relevant to the total genetic variance. 
However, the population size and selection intensities used for simulation were less than 
those generally used by maize breeders. Martin and Hallauer (1980) compared response 
to selection of half-sib RRS from field data with computer simulation. The field stud­
ies were based on two maize populations, BSSS and BSCBl. The highest correlation 
between observed and simulated responses was observed for complete dominance and 
equal gene frequencies of 0.5 in the initial two populations. 
Objectives of this study are 
1). To compare relative efficiency of half-sib and full-sib reciprocal recurrent selection 
under different genetic models by computer simulation, and 
2). To study effects of modifications of full and half-sib reciprocal recurrent selection 
on direct response to selection in simulated population crosses and on indirect response 
of populations themselves. 
5 
2 REVIEW OF LITERATURE 
The primary objective of a plant breeding program is to identify superior genotypes 
or combination of superior genotypes. The breeding methods for genetic improvement 
of genotypes vary due to crop species, the mode of reproduction, and the stage of the 
breeding program. Efficiency of a breeding program depends on two separate elements: 
1) the genetic characteristics of the base population, and 2) the efficiency of the selection 
procedure practiced (Sprague and Eberhart, 1977). 
Traditional maize (Zea mays L.) breeding methodology has focused mainly on select­
ing desirable plants from genetically diverse populations and inbreeding those selected 
plants to increase the level of homozygosity of the selected plants. During inbreeding 
selection was practiced among and within progenies for several generations. Further 
improvements, however, were realized when second and later cycle inbred lines were 
developed from crosses of elite inbred lines, which is a form of recurrent selection in 
genetically narrow-based populations. After inbreeding and selection, inbred lines were 
tested for combining ability and superior lines were selected as parents of the first cy­
cle commercial hybrid cultivars. Repeated sampling of the original diverse populations 
were not successful. Hybrids of the second and later samplings were not superior to the 
first sample hybrids because rapid inbreeding without selection for combining ability 
was not effective to increase the frequency of the desirable alleles in the populations. 
Random fixation of undesirable alleles occurs with rapid inbreeding without selection 
for combining ability. 
6 
Recurrent Selection 
Recurrent selection is defined as a breeding procedure that gradually increases the 
frequency of the more favorable alleles included in a group of foundation individuals into 
a single individual. This is performed by systematic selection of desirable individuals 
from a population followed by recombination of the selected individuals (or their self 
progeny) to form a new population. The purpose of recurrent selection is to gradually 
increase the frequency of favorable alleles in a population while maintaining the genetic 
variability for further selection. The method of recurrent selection is a cyclic process 
that includes development of populations, evaluation of individuals, selection of superior 
individuals, and intermating of superior individuals to form a new population for the next 
cycle of selection. The recurrent selection methods can be divided into two categories: 
intrapopulation (within population) improvement and interpopulation (cross between 
two populations) improvement. The choice of improvement method primarily depends 
on importance of heterosis (Hallauer, 1985). 
Intrapopulation recurrent selection 
A breeding method similar to recurrent selection was first suggested by Hayes and 
Garber (1919) for the improvement of protein content in maize cultivars. Jenkins (1940) 
introduced a breeding procedure to improve a parental population before isolation of 
inbred lines for use as parents of hybrid cultivars. This procedure is known as recurrent 
selection for general combining ability. The average performance of the progeny of 
an individual when mated with either a genetically diverse population or a series of 
genotypes is defined as general combining ability (Sprague and Tatum, 1942). 
Jenkins' selection procedure is as follows: 
1). Season 1 - Self and cross superior So plants to a heterogenous tester; 
2). Season 2 - Evaluate the testcrosses in replicated yield trials and select superior 
/ 
lines based on testcross performance; and 
3). Season 3 - Intermate the selected Si lines in all combinations to produce the 
improved population. The above procedure is repeated and next selection cycles are 
conducted in the same manner. Jenkins' procedure was based on his results showing 
that combining ability of a line is established in early generation of inbreeding (Jenkins, 
1935). Jenkins believed that heterosis is mainly due to complete to partial dominance 
gene action (dominance hypothesis). 
Hull (1945) modified Jenkins' procedure using an inbred line or single-cross tester 
instead of a broad-based tester. This procedure is known as recurrent selection for 
specific combining ability. The performance of the progeny from the mating of two 
specific genotypes in relation to the average performance of progenies from the mating of 
a series of genotypes in all combinations is defined as specific combining ability (Sprague 
and Tatum, 1942). 
Hull's selection procedure is as follows: 
1). Season 1 - Self-pollinate 100 or more superior plants in a heterogenous population 
and cross each plants separately to several inbred tester plants; 
2). Season 2 - Evaluate the performance of testcrosses in replicated trials and select 
10 or more plants that produced superior testcross progenies; and 
3) Season 3 - Intermate selfed lines of the plants that had superior testcross progenies 
to obtain the new population. The above procedure is repeated and next selection 
cycles are conducted in the same manner. Hull (1945) argued that heterosis is due 
to overdominance gene action (overdominance hypothesis) and/or epistasis (non-allelic 
interactions). He proposed that after isolation of inbred lines, commercial hybrids can 
be produced from single or double-crosses of superior inbred lines and the inbred tester 
line. 
The recurrent selection methods for intrapopulation improvement can be classified 
into two main categories: phenotypic recurrent selection and genotypic recurrent selec-
s 
tion. The selection of individuals in phenotypic recurrent selection is based on either 
visual inspection or simple measurements of traits. The effectiveness of this method 
depends on the heritability of a trait that is under selection. Phenotypic recurrent se­
lection is suitable for traits those have high heritability. The selection of individuals in 
genotypic recurrent selection is for traits with more complex inheritance that have lower 
heritability. Consequently, selection is based on their progeny performance. 
Interpopulation recurrent selection 
Comstock et al. (1949) introduced a procedure for the simultaneous, reciprocal 
improvement of two populations to maximize heterosis between two populations. In this 
interpopulation improvement method, each population is used as the tester to evaluate 
the other. This method was designed to exploit maximum use of both general and 
specific combining ability (all types of gene action) and is referred to as either reciprocal 
recurrent selection (RRS) or as reciprocal half-sib selection (half- sib RRS). Half-sib 
RRS consists of selecting plants in each of two populations based on the performance of 
their progeny derived from mating 6 to 10 unselected plants of the opposite population. 
Plants of population A, for example, are crossed to plants of population B to produce 
population A testcrosses (half-sib families). Similarly, plants of population B are crossed 
to plants of population A to produce population B testcrosses. Selection of individuals 
is based on performance of full-sib and half-sib families of two testcross trials. 
Hallauer and Eberhart (1970) introduced reciprocal full-sib selection (full-sib RRS) 
as an another method of interpopulation improvement. Full-sib RRS consists of selecting 
individuals in each of two populations based on the crossbred progeny performance of 
individual plant crosses (i.e., full- sib families). Selection of individuals in full-sib RRS is 
based on performance of full-sib families rather than mixture of full and half-sib families 
in half-sib RRS. The main advantage of full-sib RRS over half-sib RRS is only half as 
many families can be evaluated to maintain the same effective population size. Hence, 
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in full-sib RRS, either twice as many plants can be evaluated as with half-sib RRS or 
50% less land area is used to evaluate testcross progenies. Full-sib RRS is faster and 
simpler than half-sib RRS when at least one population produces two ears per plant. 
Since seeds of both parents are available, superior families can be reproduced if they are 
found in full-sib RRS (Jones et al., 1971; Hallauer and Miranda, 1995). 
There are several modifications of full-sib and half-sib RRS based on number of 
generations of inbreeding before performing testcrosses and the type of tester used to 
evaluate testcross progenies for half-sib RRS. Parterniani (1967) modified half-sib RRS 
by recombining half-sib families from superior individuals to form the new improved 
population. Russell and Eberhart (1975) suggested two inbred lines as testers instead of 
opposite populations for half-sib RRS. The tester must be unrelated to the population 
that is used to produce testcross progenies, but may be related to the opposite population 
(Russell and Eberhart, 1975). 
Heterosis 
Heterosis can be defined as the superiority in performance of hybrids compared with 
their parents. Heterosis can be measured in two ways. 
1). Mid-Parent Heterosis: The performance of the hybrids exceeds the mean perfor­
mance of their parents: 
Ft — P Mid — Parent Heterosis (%) = TJ-=— x 100, 
MP 
where 
Fi = average performance of hybrid, and 
MP — average performance of parents. 
2). High-Parent Heterosis: The performance of the hybrids exceed the performance 
of the best parent: 
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p HP 
High — Parent Heterosis(%) = 1 x 100, 
where HP = performance of the best parent. 
Falconer (1989) derived a mathematical expression for heterosis in terms of parental 
population gene frequencies and dominance deviations. The heterosis in the Fi is ex­
pressed as Hp j  = X2 dy2 ,  where d is  the dominance deviation for a  single locus,  and y 
is the difference of gene frequency between two populations. The heterosis for all loci 
is summation of heterosis across all loci. Falconer (1989) described three conditions for 
expressing heterosis: 
1). Even if there is dominance deviation at the individual locus, if some loci are 
dominant in one direction and some loci are dominant in the other direction, their 
effects will tend to cancel out, and no heterosis may be observed. 
2). The amount of heterosis is specific for a particular cross. The differences of gene 
frequencies may not be the same for all pairs of lines, and different pairs of lines may 
show different amounts of heterosis. 
3). If two lines are highly inbred, the difference between gene frequencies may be 0 
or 1, and heterosis is sum of the dominance deviations of those loci that have different 
alleles in the two lines. 
There are several hypotheses to explain heterosis. The type of gene action, however, 
for heterosis is still not clearly defined. Most of hypotheses for the explanation of 
heterosis can be included in to one of the following two categories (Hallauer and Miranda, 
1995): 
a). Physiological stimulation (allelic interaction or overdominance), and 
b). Dominant favorable growth factors 
The two main hypotheses that have received the most attention, therefore, are the 
dominance hypothesis and the overdominance hypothesis. The dominance hypothesis 
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assumes that heterosis is caused by complete and partial dominance gene action. Bruce 
(1910) introduced the dominance hypothesis, and his hypothesis was supported by Jones 
(1917, 1945, 1958), cited in Hallauer and Miranda (1995). The overdominance hypothesis 
assumes that heterosis is caused by overdominance gene action. S hull (1908) proposed 
overdominance hypothesis, and his hypothesis was strongly supported by East and Hays 
(1912) and Shull (1953), cited in Hallauer and Miranda (1995). Hallauer and Miranda 
(1995) listed arguments against the dominance hypothesis. 
1). If the heterosis is due to the accumulation of dominant favorable alleles, it should 
be possible to obtain inbred lines as superior as the F\ hybrid. However, this has never 
occurred. 
2). If the dominance hypothesis explains heterosis, then the F2 population should 
follow a skewed distribution. However, the distribution of the F2 population is usually 
not skewed. 
3). There is not enough evidence from previous studies that the dominance hypoth­
esis as the only explanation for heterosis. 
Studies of Fi populations had shown that overdominance may be important for 
heterosis. However, it was found that estimation of level of dominance was biased due 
to the presence of linkage and epistasis (Hallauer and Miranda, 1995). Epistasis (non­
allelic interactions) and linkage may be more important in the expression of heterosis 
in hybrids. The importance of epistasis in the expression of quantitative traits has 
been shown by several studies (Damerval et al., 1994; Lamkey et al., 1995). The exact 
explanation for heterosis is still unknown and heterosis may be more complicated because 
of interactions (dominance and epistasis) that involves the whole genome. 
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Inbreeding 
Inbreeding is defined as mating of individuals that axe related by descent. The fre­
quency of homozygous individuals in the population increases with inbreeding. The 
inbreeding of a population is measured by inbreeding coefficient (F). which is the proba­
bility that two genes at any locus in an individual are identical by descent. There are four 
mating systems that are used to increase homozygosity: 1) self-pollination, 2) full-sib 
mating, 3) half-sib mating, and 4) backcrossing. The reduction in mean performance of 
the population that is associated with an increase in homozygosity is inbreeding depres­
sion. Considering dominance deviations and gene frequencies, Falconer (1989) described 
that  the change of population mean associated with inbreeding is  —2F dpq ,  where p 
is the frequency of the dominant allele, q is the frequency of recessive allele, and d is the 
dominance deviation for the loci. Crow and Kimura (1970) described effects of epistasis 
in inbreeding depression. 
Falconer (1989) presented a formula to estimate inbreeding coefficient for a given 
generation by random mating: 
F t  =  2N~ e  +  ( 1  ~ 2N^F t~u  
where F t  is the inbreeding coefficient in t i h  generation and N e  the effective population 
size. The effective population size, iVe, is the number of individuals that would give 
rise to the calculated sampling variance, or rate of inbreeding, if they were bred in the 
manner of the idealized population (Falconer, 1989). Kimura (1957) developed a formula 
to estimate the probability of fixation of an allele for small populations: 
1 — e~2N'sq P = 1 — e~2N ss 
where s is the selective advantage of the allele, and q is the initial frequency of the 
allele. For infinite populations, the frequency of desired alleles is expected to increase by 
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selection until they become fixed. However, in small populations, some desired alleles 
may loss due to random genetic drift. 
Kempthorne (1973) described covariance between relatives in terms of additive and 
dominance genetic variances. Consider two individuals denoted by P and Q. Let A and 
B be the parents of P, and C and D be the parents of Q: 
Cov{P,Q) = ra^+ucrp; 
r  — 2fpQ ; and 
U = /AC/BD JAD/BC-. 
where /, a\, and are coancestry, additive genetic variance, and dominance genetic 
variance, respectively. The covariance between half-sib families is a\ and the co-
variance between full-sib families is cr\ + crj^. The F is the coefficient of 
inbreeding of the parents used to produce the half-sib and full-sib families. 
Genetic Simulation 
The electronic computers can store and process binary bits of information which 
are grouped into words. Binary arithmetic can be used to represent the genetic con­
stituent of an individual. Genotype of a haploid (X = 1) individual can be represented 
as a fixed lengths of a vector of binary bits, with each binary bit specifying the allelic 
confirmation of a particular locus. Genotype of a diploid individual (X = 2) can be 
represented by a pair of fixed length of vector of binary bits with each vector repre­
senting a homologues chromosome. Genetic simulation involves programming a set of 
instructions to a computer such that it manipulates certain sets of words whose confir­
mation have genetic significance. The processes of initiation of populations, segregation, 
recombination, gamete union, determination of phenotypes, and selection can be stated 
as operations in binary arithmetic in combination with Boolean algebra (Fraser and 
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Burnell, 1970). Michalewicz (1996) outlined that following steps that are essential for a 
genetic algorithm: 
1). Genetic representation for a potential solution to the problem; 
2). A way to create an initial population of potential solutions; 
3). An evaluation function that plays the role of environment, rating solution in 
terms of their fitness; 
4). Genetic operators that alter the composition of offspring; and 
0). Values for various parameters that the genetic algorithm uses (population size, 
probabilities of applying genetic operators, etc.). 
Coley (1999) described steps in a simple genetic algorithm: 
1). Generate an initial {g = 1) population of binary strings of length YLkLi Ik, where 
M is the number of unknowns and Ik the length of binary string required by any unknown 
k. In general  Z& ^  I f ,  k ^  j .  
2). Decode each individual, i ,  within the population to integer and then to real 
number r,-^, to obtain unknown parameters. 
3). Test each individual in turn on the problem at hand and convert the objective 
function of performance, f2,-, of each individual to a fitness, /,-, where a better solution 
implies a higher fitness. 
4). Select, by using fitness proportional selection, pairs of individuals and apply with 
probability Pc single-point crossover. Repeat until a new temporary population of N 
individuals is formed. 
5). Apply the mutation operator to every individual in the temporary population, 
by stepping bit-wise through each string, occasionally flipping a 0 to a 1 or vice versa. 
The probability of any bit mutation is given by Pm and is typically very small. 
6). Randomly replace one member of the temporary population with the elite mem­
ber if elitism is required, and the temporary population does not contain a copy of an 
individual with at least the fitness of the elite member. 
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7). Replace the old population by the new temporary generation. 
8). Increment, by the generation counter (i.e. g = g +1) and step until G generations 
have elapsed. 
Fraser and Burnell (1970) and Goldberg (1989) described different processes in ge­
netic simulation in terms of binary arithmetic and Boolean algebra. Those processes 
included initiation of population, mating, gametogenesis, determination of phenotype, 
and selection. 
Initiation of population 
A pair of words of binary bits can represent the genotype of an individual. The 
two words within a pair are considered as homologues chromosomes. Each binary bit 
in a word represents an allele. An initial population (gene frequency = p ) can be 
created by generating a random number (r) from a uniform distribution of range 0 to 1 
(UNIF(0,1)) and testing that random number against the population gene frequency 
p. If ( r < p ) then a position gets 1, otherwise 0 for two alleles at a locus. 
Mating 
Selecting two parents at random from the population can simulate random mating. 
If there is positive assortive mating of probability ps then test a random number (r) from 
(UNIF(0,1)) against ps. If r < ps then produce two gametes from the same parent; 
otherwise, select another parent at random and produce one gamete from each parent. 
Positive assortive mating also can be done by subdividing population into several sub-
populations and testing ps against a random number (r). If r < ps then two individuals 
are selected from the same subpopulation. Otherwise, select two parents from differ­
ent subpopulations. Negative assortive mating can be simulated by a procedure that is 
similar to positive assortive mating. 
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Crossover 
The exchange of segments between chromatids of homologous chromosomes during 
meiosis is designated as a crossover. A segment of homologues chromosomes undergoes 
a crossover, if the crossover probability pc exceeds a random number r generated from 
UNIF(0,1). Gamete formation is done by a random walk along the length of the pair 
of homologues chromosomes. The starting chromosome for random walk is decided by 
testing a random number from UNIF(0,1) against  0.5.  The functions AND, OR, 
and COMPEL in Boolean algebra can be used to produce gametes, if the probability 
of recombination is set to 0.5 (independent segregation). Fraser and Burnell (1970) 
described binary masks to produce gametes, when loci are not independently segregating. 
Determination of genotype 
Genotypic score is determined by decoding each individual within the population 
to integers and then to real numbers. If all allelic substitutions have equal effects, 
interactions among loci are absent (i.e., there is no dominance or epistasis), and the 
genotypic score is measured by digital sum of the genotypes. The number of dominance 
alleles can be measured by the logical sum of the genotypes. If loci have different effects, 
the binary mask can be used to obtain the genotypic score. 
Selection 
Fraser and Burnell (1970) described two general selection methods that can be used 
in genetic simulation. 
1). Percentage selection: A fixed number of progeny is ranked according to pheno­
typic score, and a fixed percentage of those progenies are taken as parents for the next 
generation. 
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2). Fixed standard selection: A fixed number of parents produces progeny until a 
fixed number have been produced that satisfy some phenotypic criteria-
Percentage selection involves arranging the population according to their phenotypic 
score and truncating the population for the desired selection intensity. Selection can be 
stabilizing or disruptive. In fixed standard selection, each progeny is tested against the 
fixed standard. If an individual passes the test, it is retained as a future parent. The 
procedure is repeated until the required number of progeny is generated. 
Response to Selection 
The application of probability and statistical theory to population genetic theory, 
and subsequent development in statistical genetic theory, has provided a more scientific 
approach to plant breeding. The statistical genetic models have been satisfactory except 
for a few discrepancies (Sprague and Eberhart, 1977). The effectiveness of a breeding 
program, or the relative efficiency of different breeding programs, can be evaluated by 
estimating response to selection realized per cycle of selection. The concept of response 
to selection is based mainly on the change in mean performance of a population (or 
population cross) in relation to each cycle of selection. The response to selection for 
a quantitative character is approximately linear during early cycles of selection. When 
selection progresses, the genotypic variance of the population changes due to inbreeding 
and gene frequency changes due to selection. This will lead to nonlinear response to 
selection during later cycles of selection (Eberhart, 1964). 
Eberhart (1964) suggested that use of a quadratic regression model to describe the 
relationship between means of selected populations (or their crosses) and selection cycles. 
The estimated linear and quadratic regression coefficients provide the rate of gain per 
cycle of selection. A quadratic regression model is suitable when the selection from many 
cycles is tested simultaneously and the frequencies of desirable alleles are above 0.5 for 
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most loci controlling the character under selection. A cubic regression model may be 
suitable if the frequencies of more desirable alleles are low in the initial population and 
adequate cycles of selection have been conducted. If the frequencies of desirable alleles 
are low. the genotypic variance increases in the early stage of selection, and subsequently, 
decreases due to an increase in the desirable alleles in the population. 
Eberhart (1964) proposed a different model to compare response to selection when 
two or more distinct populations are developed from the same base population or variety 
by different methods of recurrent selection. The model can be applied to compare dif­
ferent situations, such as the effects of different testers on the same base population and 
different methods of progeny testing, such as selection based on Si progeny performance 
versus selection based on testcross progeny performance. 
Smith (1979) proposed a model to study the relationship between response to selec­
tion and changes of allelic frequencies in improved populations from recurrent selection. 
He showed that the response to selection is a function of the change of weighted average 
of allelic frequencies, average effect of a gene substitution in the initial populations, and 
change in inbreeding depression in the improved populations. Smith (1979) criticized 
the use of regression models for evaluating response to selection because regression mod­
els do not provide direct information of changes of allelic frequencies in the population. 
Griffing (1962) developed prediction formulae for all possible general combining ability 
selection methods that can be generated by one or two populations. Those formulae 
allow theoretical comparisons of sets of closely related selection methods, which range 
from recurrent selection involving a single population to reciprocal recurrent selection 
involving two base populations. 
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Experimental Results of Reciprocal Recurrent Selection 
Results from computer simulations 
Cress (1967) used computer simulation to study response to selection of reciprocal 
half-sib selection (RRS) and its two modifications. The first modification was one 
generation of selfing at the beginning of each cycle of selection before producing the 
testcross progenies (RRSs). The second modification was to use the original populations 
as a constant tester through the successive cycles of selection (RRSc)• The complete 
dominance and purely overdominance models were investigated at a number of starting 
gene frequencies. Twenty cycles of selection were conducted for each starting condition. 
The simulated populations were composed of 90 individuals in each selection cycle and 
40 independently segregating loci were the genetic basis for a quantitative character. 
The selection intensity was 11% throughout all selection cycles. Direct and indirect 
responses of the improved populations were compared for two models at each starting 
gene frequencies in the initial populations. 
Cress (1967) reported that response to selection after 20 cycles of selection was 
not greatly different for the three selection methods (RRS, RRSs, and RRSC) for the 
complete dominance model. The response during the first few cycles, however, was 
greater for RRSs. In early cycles of selection, RRSs had the advantage of the existing 
genotypic variation with no additional loss of genetic potential due to fixation of the 
recessive alleles. The hybrid response was unaffected by the distribution of the starting 
gene frequencies when loci were independently segregating and no epistasis. RRS and its 
two modifications produced similar small improvements in the populations themselves. 
For the purely overdominance model, the response of the hybrid was about same 
for RRS and RRSs, but RRSC was inferior to both RRS and RRSs after 20 cycles of 
selection. In RRSC, the hybrid could not be expected to achieve the maximum genotypic 
value because many loci became fixed for the same alleles in both parental populations. 
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Complementary improvement of parental populations is important for Hybrid perfor­
mance for the overdominance model, and the constant tester method does not allow 
such improvement. RRSs was superior to other two methods during firs-t 10 cycles of 
selection. 
Cress (1967) indicated that RRS produces increasing values of parental populations 
for partial or complete dominance and deceasing values for overdominance. The im­
provement of parental populations depends on the covariance between additive effects 
of alleles in parental populations and the hybrid population. Co variances are always 
positive for partial and complete dominance and parental populations camnot decrease 
in value except by chance. For overdominance. the covariances depend om the distance 
between equilibrium gene frequency and parental populations gene frequencies. If the 
gene frequencies of parental populations are on the opposite side of the equilibrium value, 
both covariances are negative and both parental populations tend to decrease in value. 
If both populations are on the same side of the equilibrium value, botlh covariances 
are positive and the genotypic value of both populations will increase. This increase 
will continue until one population moves to the opposite side of the equilibrium gene 
frequency and then both populations will decrease. 
Based on the results obtained from his simulation and earlier studies, Cress (1967) 
suggested that two modifications are important in all recurrent selection, methods for 
improvement of genetic potential and rate of progress from selection. L) All genetic 
material entered into a moderate to long-term selection program with progeny testing 
should be combined into one synthetic population and any subsequent populations re­
quired would be obtained by sampling this synthetic population. 2) One .generation of 
inbreeding should be conducted before producing the testcross progenies. 
Jones et al. (1971) compared full-sib and half-sib reciprocal recurrent selection al­
gebraically and with computer simulation. The relative efficiency of full-sib RRS over 
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half-sib RRS from theoretical evaluation is 
&ÇAF _ kpap-fj  
Aça/ /  k t f O p p  '  
where AqAp and AqApi are the expected gene frequency changes in population A with 
full-sib and half-sib RRS, respectively. The kp and kn notations are selection differentials 
with full-sib and half-sib RRS, respectively. The ap-F and crp-H variances are variances 
of full-sib and half-sib family means, respectively. Jones et al. (1971) reported that the 
ratio = 1.13 for the variance components estimated from field studies and concluded 
that the selection differential needs to be about 1.2 times greater for full-sib RRS than 
half-sib RRS to give similar response. 
Jones et al. (1971) used additive, complete dominance, multiplicative, and com­
plementary epistasis genetic models to compare full-sib and half-sib RRS by computer 
simulation. The proportion selected was 50% with half-sib RRS and 25% with full-sib 
RRS for most cases. The genetic basis for a quantitative character was 28 loci. Loci 
were independently segregating or all loci were on one chromosome with recombination 
value 1% between adjacent loci. Simulation study was conducted for equal (0.5 and 0.5) 
and unequal (0.25 and 0.75) initial population gene frequencies. Five replications of each 
initial condition were simulated for 20 cycles. The results of the simulation suggested 
that response to full-sib RRS was greater than response to half-sib RRS at less intense 
selection and when the environmental variance was larger relative to the total genetic 
variance. 
Martin and Hallauer (1980) compared response to selection of half-sib RRS from 
field trials with computer simulation. The field evaluations were based on seven cycles 
of half-sib RRS with two maize populations, Iowa Stiff Stalk Synthetic (BSSS) and 
Iowa Corn Borer Synthetic No.l (BSCB1). For the simulation study, three levels of 
dominance (no dominance, partial dominance and complete dominance) and two allelic 
frequencies (0.5, 0.5 and 0.25, 0.5) were used as initial conditions. Two populations 
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were composed of 110 individuals in each selection cycle with each individual having 40 
independently segregating loci with two alleles. Selection intensity of 10% was used for 
this study. Ten cycles of selection were simulated and duplicate runs were made for each 
starting condition. Martin and Hallauer (1980) reported that the highest correlation 
between observed and simulated responses was observed for complete dominance and 
equal gene frequencies of 0.5 in the initial two populations. The highest correlation 
coefficient between observed and simulated responses was 0.76 and was significant at 
0.01 probability level. 
Results from field experiments 
Thomas and Grissom (1961) reported that reciprocal recurrent selection was an ef­
fective breeding method to improve the mean of the two popcorn populations for yield, 
popping volume, and lodging resistance in popcorn. Direct selling and selection with 
continuous selfing based on hybrid progeny tests were nearly as efficient as RRS. How­
ever, selfed material seemed to be more homogenous and had limited potential for further 
improvement from selfing and selection. RRS populations had sufficient variability to 
expect further improvement from selection. Douglas et al. (1961) used reciprocal re­
current selection to improve grain yield of two maize populations, Yellow Surcropper 
and Ferguson's Yellow Dent. Results from three cycles of selection indicated that Yel­
low Dent population was improved in the first two cycles while Yellow Surcropper was 
improved only in the first cycle. The average response of the population cross was 5.8% 
per cycle. 
Moll and Robinson (1966) compared full-sib family selection and half-sib reciprocal 
recurrent selection for two maize varieties, Jar vis and Indian Chief. After three cycles 
of selection, response to selection was similar for the two breeding schemes and both 
populations were significantly improved. Heterosis of the population cross, however, 
was improved by half-sib RRS but unchanged by full-sib family selection. After six 
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cycles of selection from the same experiment, responses of both varieties (Jarvis and 
Indian Chief) from full sib family selection were 2.1 times greater than with half-sib 
RRS. Response of the variety cross to RRS was 1.3 times greater than with full-sib 
family selection (Moll and Stuber. 1971). Results were obtained after eight cycles of the 
continued selection; Moll et al. (1978) reported that heterosis was increased by half-
sib RRS while heterosis decreased slightly by full-sib family selection. After 10 selection 
cycles, average responses per cycle for full-sib family selection were 3.5% and 1.4% for the 
Jarvis and Indian Chief, respectively, and 2.0% for the population cross. Responses to 
half-sib RRS were 2.4% and 0.3% for Jarvis and Indian Chief, respectively, and 2.7% for 
the population cross (Moll and Hanson, 1984). The explanation for observed changes 
in response to selection given by Moll and Hanson (1984) was cumulative inbreeding 
depression and increased complexity of the genetic effects under selection. 
Paterniani and Vencovsky (1967) modified RRS by recombining half-sib families to 
form new improved populations. Paterniani and Vencovsky (1977) conducted modified 
RRS with two maize populations, Cateto and Piramex. The yield increments after one 
cycle of selection were nearly 6% for the two populations and 7.5% for the population 
cross. Paterniani and Vencovsky (1978) reported that grain yield of varietal cross in­
creased 3.5% per cycle from another modification of RRS based on half-sib progenies 
and prolific plants. In this study, Dent Composite and Flint Composite were used as 
parental populations and responses were observed for three cycles. 
Hallauer (1970) reported results of four cycles of half-sib RRS with two synthetic 
varieties of maize, Iowa Stiff Stalk Synthetic (BSSS) and Iowa Corn Borer Synthetic 
No.l (BSCB1). The grain yield of hybrid and BSSS populations increased 1% and 2% 
per cycle, respectively and BSCBl population decreased 1% per cycle. The additive 
genetic variances of hybrid, BSSS, and BSCBl population decreased 13.9%, 7.3% and 
1.8% per cycle, respectively. However, the reduction of additive genetic variance in 
BSCBl was not statistically significant. Hallauer (1970) emphasized that modest gains 
of yield can be obtained with the reductions in genetic variation. 
The results from five cycles of half-sib RRS with BSSS and BSCBl were reported 
by Penny and Eberhart (1971). They reported that the grain yield of hybrid and BSSS 
population increased by 1.7% and 2.5% per cycle, respectively, and BSCBl population 
decreased by 1.1% per cycle. However, the predicted gain of the population hybrid, 
based on the heritability and the selection differential, was 7.2% per cycle. Eberhart et 
al. (1973) observed that the improvement of grain yield of the population crosses was 
linear at the rate of 4.6% per cycle from five cycles of half-sib RRS in BSSS and BSCBl. 
Russell and Eberhart (1975) compared effects of inbred line testers versus opposite 
populations as testers for six cycles of RRS with BSSS and BSCBl maize populations. 
They reported that modified reciprocal recurrent selection, using an inbred tester in­
stead of opposite population, was more efficient method of simultaneous improvement 
of populations and developing elite single crosses. Comstock (1979) made a theoretical 
comparison of inbred testers versus opposite populations as testers in terms of expected 
change in gene frequency based on testcross progeny selection. He found that both 
testers have similar expectations in change of allelic frequency but the variance of ex­
pectation is smaller when using the population tester. Contrary to the finding of Russell 
and Eberhart (1975), Comstock (1979) concluded that opposite population testers are 
slightly superior to the use of inbred lines as testers derived from those populations. 
Martin and Hallauer (1980) reported that grain yield of hybrid had increased 3% 
per cycle for seven cycles of half-sib RRS with BSSS and BSCBl. The mid-parent 
heterosis increased from 14.9% to 41.7% from cycles 0 to 7. There were no significant 
changes in yield of the two parental populations. Smith (1983) reported results from 
eight cycles of half-sib RRS with BSSS and BSCBl. The average increments of grain 
yield improvements of hybrid, BSSS, and BSCBl populations were 3.1%, 1.9% and 0.6% 
per cycle, respectively. In this study, So plants were used to produce testcrosses for cycles 
0 to 4, and Si plants were used to produce testcrosses for cycles 4 to 8. 
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Evherabide and Hallauer (1991a. 1991b) investigated direct and indirect responses 
after eight cycles of full-sib RRS in BS10 and BSll maize populations, with two levels 
of inbreeding (F = 0 and F = 0.5). The grain yield of population cross, BS10, and BSll 
increased 6.5%, 3.0% and 1.6% per cycle, respectively. The direct and indirect responses 
for grain yield of inbred populations were greater than of noninbred populations. Johnson 
(2000) reported that grain yield of maize was increased by 7.69% per cycle from 11 cycles 
of full-sib RRS in BS10 and BSll. 
Russell et al. (1991) compared RRS with a modification of RRS that uses two inbred 
lines as testers instead of the populations. BS21 and BS22 maize populations were used 
for RRS and three selection cycles were investigated. Inbred A632 was used as tester 
for BS21 and H99 was used as tester for BS22 for modified RRS. Grain yield of the 
population cross that uses the opposite population as testers was increased by 4.9% per 
cycle. For modified RRS, with use of inbred testers, the population crosses increased 
3.6% and 4.7% per cycle for BS21 and BS22, respectively. Russell et al. (1991) concluded 
that the modified RRS was not more successful in improving yield of population crosses 
after three cycles compared with use of the opposite population as testers. The results 
obtained after six cycles of continued selection in BS21 and BS22 were reported by 
Rademacher et al. (1999); direct response to selection was greater for the half-sib RRS 
than for the modified RRS. After six cycles of selection, grain yield improvement of 
half-sib RRS was 4.4% per cycle. The grain yield improvements of BS21 and BS22 were 
2.8% and 1.6%, respectively, for modified RRS. Rademacher et al. (1999) emphasized 
that there was no greater genetic variation among testcrosses with the use of inbred lines 
as testers compared with use of populations as testers. 
Keeratinijakal and Lamkey (1993) reported the results from 11 cycles of half-sib RRS 
in BSSS and BSCBl. Grain yield of hybrid and BSCBl population increased 6.95% and 
1.94% per cycle, respectively, but there was no significant change in grain yield of BSSS 
population. Betran and Hallauer (1996a, 1996b) compared progress from RRS with 
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the combined progress of half-sib and inbred (Si — S2) intrapopulation improvement. 
The initiai populations used in this evaluation were BSSS and BSCBl. The BSSS 
intrapopulation improvement was conducted with seven cycles of half-sib family selection 
followed by three cycles of S2 progeny selection (BS13). Grain yield of the population 
cross increased 54.5%, after nine cycles of RRS. There was 42.8% yield improvement of 
the cross between BS13 after 10 cycles of intrapopulation recurrent selection and BSCBl 
after nine cycles of RRS. Betrdn and Hallauer (1996a, 1996b) concluded that RRS was 
more effective than intrapopulation recurrent selection. 
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3 METHODS AND PROCEDURES 
Computer simulation was conducted to compare half-sib and full-sib reciprocal re­
current selection and their modifications similar to the methods conducted under field 
conditions for maize. 
Full-Sib and Half-Sib Reciprocal Recurrent Selection 
Comstock et al. (1949) introduced reciprocal half-sib recurrent selection (half-sib 
RRS) and Hallauer and Eberhart (1970) introduced reciprocal full-sib selection (full-sib 
RRS). Both breeding procedures were designed for simultaneous, reciprocal improvement 
of two populations to maximize heterosis between the populations. Full-sib RRS has 
advantage over half-sib RRS that only half as many families can be evaluated to maintain 
the same effective population size in each selection cycle. H ereafter, the two populations 
will be designated as population A and population B. T*he population cross (hybrid 
population) will be designated as population AB. The fi eld procedures of reciprocal 
half- sib recurrent selection can be outlined as follows: 
1). Season 1: Self pollinate 100 to 200 plants selected im population A (cycle 0) and 
at the same time outcross each self-pollinated plant to four or eight random plants in 
population B. Self-pollinate 100 to 200 plants selected in population B (cycle 0) and 
at the same time outcross each self-pollinated plant to foor or eight random plants in 
population A. The selfed seed of each plant is put in the storage to intermate in season 
3. The half-sib seed (testcrosses) is used for testing in season 2. 
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2). Season 2: Evaluate the two sets of testcross progenies in replicated yield trials. 
Select the top 10% of half-sib families from each population on the basis of the testcross 
progeny performance. 
3). Season 3: Intermate the Si progenies derived from the selfed seed of the plants 
in population A that had superior half-sib progeny performance in season 2 to form an 
improved population A for cycle 1. The Si progenies derived from the selfed seed of the 
selected plants in population B are intermated in the same manner to form an improved 
population B for cycle 1. The subsequent cycles of selection are conducted in the same 
manner as described for seasons 1 to 3. using the improved populations. 
The field procedures of full-sib reciprocal recurrent selection is as follows: 
1). Season 1: Pair 100 to 200 plants selected in population A (cycle 0) with the 
same number of plants selected in population B. For each pair, the plants are selfed and 
crossed to the other member of the pair. The selfed seed of each plant is put in the 
storage to intermate in the season 3. The full-sib seed from each pair is used for testing 
in season 2. 
2). Season 2: Evaluate full-sib progenies in replicated yield trials and select the top 
10% of full-sib families. 
3). Season 3: Intermate the Si progenies derived from the selfed seed of the plants 
in population A that had superior full-sib progeny performance in season 2 to form the 
improved population A for cycle 1. The Si progenies derived from the selfed seed of the 
selected plants in population B are intermated in the same manner to form the improved 
population B for cycle 1. The subsequent cycles of selection are conducted in the same 
manner as that described for seasons 1 to 3, using the improved populations. 
There are several modifications of half-sib RRS and full-sib RRS. Those modifications 
depend on 
1). Number of generations of inbreeding before performing testcrosses for both half-
sib RRS and full-sib RRS, and 
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2). The type of tester used to evaluate testcross progenies for half-sib RRS. 
Logic of Computer Simulation 
The concept of response to selection is based on the change in the population param­
eters with respect to each cycle of selection. Estimation of the changes in the population 
parameters is the most important consideration for either verifying the effectiveness of 
a given breeding program or comparing the relative efficiency of different breeding pro­
grams. The theory of population genetics depends on complex genetic models. These 
models are often so complicated that their algebraic description and manipulation are 
only possible for extremely limited cases. This results in a gap between the experi­
mentalist dealing with the fact of the real world and theoretician dealing with esoteric 
complexities of artificial models. Monte Carlo methods of genetic simulation can be 
used as an intermediate step to fill the gap by using computers to resolve problems that 
cannot be resolved by derived mathematical methods (Fraser and Burnell, 1971). The 
limitations of Monte Carlo methods of genetic simulation are that they simplify genetic 
situations and limit conclusions to a specific sets of conditions (Cress, 1967). 
Fraser and Burnell (1970) and Goldberg (1989) described logics of genetics simula­
tions in detail. Much of the logic used in this simulation study was adapted from Fraser 
and Burnell (1970) and Goldberg (1989). 
The following steps are common to both half-sib RRS and full-sib RRS. 
1). Generate the initial populations (A and B), produce hybrid population (AB), 
and compute population parameters. 
2). Self individuals and produce testcross progenies (half-sib progenies for half-sib 
RRS and full-sib progenies for full-sib RRS). 
3). Evaluate testcross progenies and select superior individuals based on testcross 
performance. 
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4). Recombine the selected individuals by their selfed progeny and form new pop­
ulations for the next cycle. Compute improved population (A and B) parameters and 
hybrid population (AB) parameters. 
5). Repeat steps 2 to 4 until desired number of cycles. 
Electronic computers can store and process binary bits of information which axe 
grouped into words. Binary arithmetic can be used to represent genetic constituents 
of an individual. For example, a diploid organism having two alleles in a single locus: 
the genotype Ai/Ai is represented as 1/1, A\(Ai is represented as 1/0, and A2/A2 
is represented as 0/0. For two alleles at three loci, A\B\C\F A\B\C\ is represented as 
111/111, A1 B\C2/A] B2C2 is represented as 110/100, and A2B2CI/A2B2C2 is represented 
as 001/000. This logic can be extended to any number of loci. Genetic simulation 
involves programming a set of instructions to a computer such that it manipulates certain 
sets of words whose confirmation have genetic significance. The processes of initiation 
of populations, segregation, recombination, gamete union, determination of phenotypes, 
and selection can be stated as operations in binary arithmetic in combination with 
Boolean algebra. 
An initial population (gene frequency = p ) of i  number of individuals and j  number 
of loci corresponds to an array of i number of pair of words of random binaxy strings of 
length j. A pair of words represents homologous chromosomes. The type of the binary 
digit (0 or 1) in each position is determined by generating random numbers (r) from a 
uniform distribution of range 0 to 1 (UNIF(0,1)). If ( r < p ), a position is assigned 1 
or otherwise 0. Gametogenesis is done by random walks along the length of the pair of 
homologous chromosomes. The starting chromosome for a random walk is decided by 
testing a random number from UNIF(0,1) against 0.5. Changing from one homologue to 
another is done by testing a random number (r) from UNIF(0,1) against the crossover 
probability (pc). If (r > pc) then there is no crossover and the random walk continues 
along the same chromosome. If (r < pc) then crossover occurs and a change occurs to 
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the next homologous chromosome. The independent segregation can be simulated by 
a random walk with the probability of recombination sets at 0.5. It also can be done 
by using operators AND. OR and COMPL in Boolean algebra. Genotypic value is 
determined by decoding each individual within the population to integers and then to 
real numbers. Selection can be done by adding environmental deviates to genotypic 
values and truncating the population for desired selection intensity. 
Initial Conditions 
The following initial conditions were used for this study. 
1). Individuals axe diploid (X = 2) with two alleles per locus. 
2). The effects of loci and levels of additive, dominance, and epistasis are the same 
for all loci. 
3). No linkage disequilibrium. 
4). No mutation. 
5). Environmental effects and genotype effects are additive (no genotype x environ­
ment Interaction). 
The initial populations (A and B) and improved populations throughout all selection 
cycles included 110 individuals. Forty loci contributed to the expression of a quantitative 
trait. The probability of recombination was 0.5 (independent segregating loci). Two 
sets of initial gene frequencies were used with equal gene frequencies (pA = 0.5 and 
PB = 0.5) and unequal gene frequencies (PA = 0.75 and ps = 0.25), where PA is the 
gene frequency of population A and ps is the gene frequency of population B. Half-sib 
testcross progenies were produced by crossing each individual to five random plants from 
opposite population. Two progenies were produced from each cross. Full-sib progenies 
were produced by crossing random pairs of individuals from two populations, without 
replacement. Ten progenies were produced from each pair of crosses. 
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The selection intensity used throughout in this study was 10%. In each selection cycle 
11 individuals were selected from each of the populations. The improved population was 
formed by 55 possible single crosses among 11 selected individuals with two progenies 
from each cross. The environmental deviate among plots and individuals within plots 
was a random normal deviate with mean zero and variance of 120 (iV(0.120)). This 
allows for a relatively low broad-sense heritability. Selection of individuals to intermate 
was based on mean phenotypic value of their testcross progenies. 
Eleven genetic models were investigated in this study. The models used were addi­
tive, partial dominance, complete dominance, overdominance and epistasis (non-allelic 
interactions). Three types of epistasis effects investigated were additive x additive, 
additive x dominance, and dominance x dominance. The epistasis models were com­
plete dominance with one of the types of three epistasis effects (three models), complete 
dominance with two of the types of three epistasis effects (three models), and complete 
dominance with all three types of epistasis effects. The maximum attainable value for 
an individual was SO for all the models. This setup permits comparisons of different 
models on the same scale. 
There were 22 initial conditions, corresponding to two types of gene frequencies and 
11 genetic models. Three replications of each selection study were run for 20 cycles for 
each of 22 initial conditions. In addition, simulation was conducted for a modification 
of half- sib and full-sib RRS (one generation of inbreeding before producing testcross 
progenies) for each of 22 initial conditions. The population parameters estimated were 
gene frequency, genotypic mean, genotypic variance, number of fixed loci, and high 
parent heterosis. These parameters were estimated for population A, B, and AB for 20 
cycles of selection and three replications for each starting condition. 
Throughout the simulation study, number of loci, recombination fraction, environ­
mental deviate, and selection intensity were 40, 0.5, #(0,120), and 10%, respectively. 
The effects of changes in the above conditions on half-sib and full-sib reciprocal recurrent 
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selection for the complete dominance genetic model were investigated. This simulation 
was done with equal initial parental population gene frequencies (pA = 0.5 and ps = 0.5) 
and Si plants as recombination units. Half-sib and full-sib RRS were simulated for eight 
different conditions changing one at a time. The eight conditions can be grouped into 
four categories: 
1). Number of loci contributing to the expression of a quantitative trait - 20 and 80; 
2). Probability of recombination - 0.5 and 0.1; 
3). Environmental deviate - Af(0,60) and Ar(0. 240); and 
4). Selection intensity - 20%, and 30%. 
Genetic Models 
Additive genetic model, dominance genetic models (3) and epistasis models (7) were 
used in this study. 
Additive genetic model 
Considering one locus with two alleles, three possible genotypes are AiAi, A% A2, and 
A2A2. The additive genetic component (a) is attributed to the phenotypic difference 
between the two homozygotes A1A1 and A2A2. Assuming At is increasing allele and A2 
is decreasing allele, the additive genetic component (a) for one locus can be defined as 
+a = AxAi — ( A*Al * A*A2 ) and —a = A2A2 — (aIaI+a2aI ). For multiple loci, the 
total additive genetic component is the summation of additive component of each locus. 
Additive genetic component a = 1 was used for additive genetic model. The genotypic 
value of an individual with all increasing homozygous loci is 80 units for 40 loci. 
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Dominance genetic models 
The deviation in phenotype of the heterozygote A;i A2 from the average phenotype of 
the homozygotes (AiAi and A2A2) is the dominance dieviation {d) for one locus with two 
alleles. For multiple loci, the total dominance deviation is the summation of dominance 
deviation of each locus. The dominance deviation (cd) for one locus can be defined as 
d = AiA2  -  (^' + A?A?).  
The levels of dominance can be four types: 
a), d = 0 - no dominance; 
b). 0 < d < a - partial dominance; 
c). d = a - complete dominance; and 
d). d > a -  overdominance. 
In this study the levels of dominance were a = 1 aand d = 0.5 for partial dominance 
genetic model, a = 1 and d = 1 for complete dominance genetic model, and a = 0.75 
and d = 1.25 for overdominance model. The abovee parameters make the maximum 
value of 80 units that an individual can attain. 
Epistasis models 
Three types of epistasis investigated were additives x additive ({), additive x dom­
inance (j), and dominance x dominance (k). In episrtasis models, 40 loci were divided 
into 10 bocks of 4 loci each. The epistasis effects amomg bocks were additive and within 
blocks were multiplicative. The parameters for epistasiis used were i = 0.488, j = 0.495 
and k = 0.488. For all epistasis models a = 0.5 amd d = 0.5 (partial to complete 
dominance). The maximum value that an individual can attain was 80. Fifty percent 
of the maximum was due to either additive or domimance or both and the remaining 
50% was due to epistasis effects. The seven epistasias models used in this study were 
additive x additive, additive x dominance, dominanace x dominance, additive x ad­
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ditive and additive x dominance, additive x additive and dominance x dominance, 
additive x dominance and dominance x dominance, additive x additive, and additive 
x dominance, and dominance x dominance. 
For the additive x additive and additive x dominance genetic models, five blocks 
were additive x additive epistasis and five blocks were additive x dominance epistasis. 
For the additive x additive and dominance x dominance genetic model, five blocks were 
additive x additive epistasis and five blocks were dominance x dominance epistasis. For 
the additive x dominance and dominance x dominance genetic model, five blocks were 
additive x dominance epistasis and five blocks were dominance x dominance epistasis. 
For all three types of epistasis genetic models five blocks were additive x additive epis­
tasis, three blocks were additive x dominance epistasis, and two blocks were dominance 
x dominance epistasis. 
Computer Program 
The computer program was written in the 5+ language. The program consisted of 
a main routine and seven subroutines for generation of initial populations, production 
of half-sib testcross families, production of full-sib testcross families, production of self 
progenies, evaluation of individuals and testcross progenies, selection of superior individ­
uals. and intermating selected individuals to form new populations. In addition, there 
were 11 sub-subroutines corresponding toll genetics models investigated in this study. 
The computer program is listed in Appendix A. 
Analysis of Simulated Populations 
Griffing (1962) derived mathematical expressions for prediction of genetic gain of 
all mating systems involving two populations. Because initial gene frequencies and 
population genetic parameters are known for the simulation study, GrifEng's formulae 
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can be used to predict the genetic gain from selection. The predicted gain from the 
Griffing formulae were compared with the gain obtained from simulation. This study 
assumed that there was no genotype x environment interaction. 
GrifEng's formula for expected genetic gain per cycle for half-sib reciprocal recurrent 
selection is 
AC? = + 2) 
where. AG is the predicted gain from one cycle of selection; k is the selection inten­
sity expressed in standard units; 0"a(i) 's the additive genetic variance for population 
A; 0£(i) is the residual environmental variance associated with testcrosses in population 
A; O"AE[I) is the additive x environment interaction associated with testcrosses in pop­
ulation A; 0-4^2) is the additive genetic variance for population B; cr^2) is the residual 
environmental variance associated with testcrosses in population B; and cr\E^ is the 
additive x environment interaction associated with testcrosses in population B. The r 
and e are number of replications and number of environments, respectively. The additive 
genetic variance among half-sib families changes by cr2A due to inbreeding, where 
F is the inbreeding coefficient. Half-sib testcross progenies were produced by crossing 
each individual to five random plants from opposite population and two progenies were 
produced from each cross. Mathematical formulae for prediction of gain from selection 
for half-sib RRS including initial conditions used for the simulation are as follows: 
Expected genetic gain per cycle for half-sib reciprocal recurrent selection, without 
additional generation of inbreeding, is 
AG = fcM(p + fcM(2) 
+ Mu, 
Expected genetic gain per cycle for half-sib reciprocal recurrent selection, with one 
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generation of inbreeding is 
illl _L 3^.2 . /°E(2) , 3 _2 
+ V-!r + M(2) ... i-
Griffing's formula for expected genetic gain per cycle for full-sib reciprocal recurrent 
selection is 
Z-Ifl-2 
AC = 2 M12) 
where, <7^(12) is the average of the additive genetic variance of population A (cr^(1j) and 
the additive genetic variance of population B (crA(2)); °£)(i2) ^ the average of the domi­
nance genetic variances of populations A and B; and cr2AE^2) O^e^iï) 3X6 additive x 
environment and dominance x environment interactions, respectively. Due to inbreed­
ing, the additive genetic variance among full-sib families changes by and the 
dominance genetic variance changes by (-^r-)2^ . There were 10 progenies per full-sib 
family. 
Expected genetic gain per cycle for full-sib reciprocal recurrent selection, without 
additional generation of inbreeding is 
1.1—2 
a G =-T==B=M=====. 
V TO + 2°A(12) + A°D{VZ) 
Expected genetic gain per cycle for full-sib reciprocal recurrent selection, with one 
generation of inbreeding is 
k^cr2, A G = ' 4 A ( 1 2 )  
V To + 4°A(12) + TÊAD{ 12) 
The following linear model was fitted to simulate hybrid populations: 
Uijk = fJ. + m,i + 5ij + cfc + (mc) ik + e i jk, 
where 
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y i j k  = response of the hybrid population in the i l h  RRS , j t h  replication, and k t h  
cycle: 
fj, = overall population mean; 
mi = effect of the i t h  RRS; 
Sij = random effect of j t h  replication in i t h  RRS; 
Cfc = effect of the k t h  cycle; 
(mc) i k  = interaction between i t h  RRS and k t h  selection cycle; and 
e,-jAr = random error term. 
The analysis of variance for the above linear model is given in Table 3.1. Reps (RRS) 
was used as the error term to test RRS. Analysis of variance was done to compare half-
sib and full-sib RRS for each of 22 initial conditions. Full-sib and half-sib RRS were also 
compared under a modification of RRS (recombination unit is 5*2) for each of 22 initial 
conditions. 
Table 3.1 Analysis of variance for hybrid populations of 
half-sib and full-sib reciprocal recurrent selection. 
Source of variation Degrees of 
freedom 
RRS (half-sib vs. full-sib) 
Reps (RRS) 
Cycles 
1 
4 
20 
Linear 
Quadratic 
Lack of fit 
1 
1 
18 
Cycles x RRS 20 
Linear x RRS 
Quadratic x RRS 
Lack of fit x RRS 
1 
1 
18 
Error 80 
Total 125 
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The comparison between RRS (recombination unit Si) and a modification of RRS 
(recombination unit S%) was done by an ANOVA similar to that given in Table 3.1. The 
source of variance, RRS in the above ANOVA was replaced by Recombination Units (Si 
vs. S2). Analysis of variance was done separately for half-sib RRS and full-sib RRS for 
each of 22 initial conditions. 
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4 RESULTS AND DISCUSSION 
Half-sib and full-sib RRS were simulated for each of 22 initiai conditions. The initial 
conditions were 11 arbitrary genetic models and two sets of parental initiai populations 
gene frequencies (Table 4.1). A modification of half-sib and full-sib RRS was also simu­
lated for each of 22 initial conditions. The modification was one generation of inbreeding 
before producing testcross progenies (S2 plants as recombination units). 
The population parameters estimated were gene frequency, genotypic mean, geno­
typic variance, and number of fixed loci for two parental populations (A and B) and the 
population cross (AB). High-parent heterosis was estimated for the population cross. 
Those parameters were estimated for each of three replications of 20 selection cycles. 
The average of the three replications of the four parameters are recorded in Tables B.l 
through B.44 in Appendix B. The changes of the genotypic mean of two parental popu­
lations and the population cross with respect to selection cycles are graphed in Figures 
C.l through C.ll in Appendix C. 
Results from Analysis of Variance 
The analysis of variance for the genotypic value of hybrid populations of half-sib and 
full-sib RRS showed the following results. 
1). There were no significant differences between half-sib RRS and full-sib RRS for 
21 initial conditions with Si plants as recombination units. The response of full-sib 
RRS was significantly (p < 0.01) lower than half-sib RRS for dominance x dominance 
Table 4.1 Listing of initial conditions used in the simulation study to compare response to selection for half-sib 
and full-sib reciprocal recurrent selection, 
Initial populations Genetic model Initial 
gene frequencies condition 
PA = 0.5 H PB = 0.5 Additive 1 
Partial Dominance 2 
Complete Dominance 3 
Overdominance 4 
Additive x Additive 5 
Additive x Dominance 6 
Dominance x Dominance 7 
Additive x Additive and Additive x Dominance 8 
Additive X Additive and Dominance x Dominance 9 
Additive x Dominance and Dominance x Dominance 10 
Additive x Additive, Additive x Dominance, and Dominance x Dominance 11 
PA = 0 75 & PB = 0.25 Additive 12 
Partial Dominance 13 
Complete Dominance 14 
Overdominance 15 
Additive x Additive 16 
Additive x Dominance 17 
Dominance x Dominance 18 
Additive x Additive and Additive x Dominance 19 
Additive x Additive and Dominance x Dominance 20 
Additive x Dominance and Dominance x Dominance 21 
Additive x Additive, Additive x Dominance, and Dominance x Dominance 22 
PA and pg are initial gene frequencies of populations A and B, respectively. 
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interactions genetic model (condition 7) with parental initial populations of equal gene 
frequencies and Si plants as recombination units. However, there were no significant 
differences between full-sib and half-sib RRS for all 22 initial conditions with S2 plant 
as recombination units. 
2). Linear and quadratic effects of cycles were significant (p  < 0.01) for all 22 initial 
conditions and two types of recombination units (Si and S2). 
3). Cycles x RRS interactions were not significant for 21 initial conditions with Si 
plants as recombination units except that dominance x dominance interaction genetic 
model (condition 7) with parental initial populations of equal gene frequencies and Si 
plants as recombination units. Cycles x RRS interactions were not significant for all 22 
initial conditions with S2 plant as recombination units. 
4). There was significantly (p  < 0.05) higher genotypic value for recombination 
unit S2 than Si for both RRS methods and all 22 initial conditions (44 situations) 
except 13 situations. Half-sib RRS with initial conditions 1, 4, 9, 10, 11, 19, and 22 
showed no significant difference between recombination units Si and S2 . There was no 
significant difference between recombination units Si and S2 for full-sib RRS with initial 
conditions 1, 5, 8, 9, 16, and 22. However, use of recombination units S2 showed higher 
mean response than use of Si recombination units for all 44 situations. 
A quadratic regression model was fitted for genotypic values of hybrid populations on 
cycles. The model was fitted to full-sib and half-sib RRS for each initial condition and 
recombination units. The estimated quadratic regression model coefficients for initial 
parental populations of equal gene frequencies are given in Table 4.2. The estimated 
quadratic regression model coefficients for initial parental populations of unequal gene 
frequencies are given in Table 4.3. 
All linear and quadratic regression coefficients are significant (p < 0.01) except that 
quadratic regression coefficient for halfl-sib RRS with additive x additive genetic model, 
unequal gene frequencies, and recombination unit Si. The differences of linear regression 
Table 4.2 Estimated linear and quadratic regression model coefficients for initial parental populations of equal 
(PA = 0.5 and p# = 0.5) gene frequencies for response in the hybrid populations to selection for half-sib 
and full-sib reciprocal recurrent selection with either Si or S% recombination units. 
Recomb. Genetic 
units model 
Half-sib 
Linear Quadratic 
Full-sib 
Linear Quadratic 
S, Additive 
Partial Dominance 
Complete Dominance 
Overdominance 
Add. x Add. 
Add. x Dom. 
Dom. x Dom. 
Add. x Add. k Add. x Dom. 
Add. x Add. k Dom. x Dom. 
Add. x Dom. k Dom. x Dom. 
3.2310.23 
2.37db0.13 
2.4110.09 
1.94±0.12 
2.4210.27 
3.32±0.13 
2.6910.22 
2.9410.17 
2.2810.31 
3.0810.17 
Add. x Add., Add. x Dom., k Dom. x Dom. 2.6110.13 
Additive 
Partial Dominance 
Complete Dominance 
Overdominance 
Add. x Add. 
Add. x Dom. 
Dom. x Dom. 
Add. x Add. k Add. x Dom. 
Add. x Add. k Dom. x Dom. 
Add. x Dom. k Dom. x Dom. 
3.8610.15 
3.1710.13 
2.5410.12 
2.4510.08 
4.6110.17 
3.9510.12 
3.9410.19 
3.5410.09 
3.7810.20 
3.6510.11 
Add. x Add., Add. x Dom., k Dom. x Dom. 3.5410.10 
-0.0810.01 
-0.0710.01 
-0.0810.00 
-0.0510.01 
-0.0410.01 
-0.0910.01 
-0.0310.01 
-0.0710.01 
-0.0210.02 
-0.0710.01 
-0.0510.01 
-0.1110.01 
-0.1010.01 
-0.1010.01 
-0.0710.00 
-0.1310.01 
-0.1110.01 
-0.0910.01 
-0.0910.00 
-0.0810.01 
-0.1010.01 
-0.0810.00 
3.0210.14 
2.4910.16 
2.3310.09 
1.8710.12 
2.3910.22 
3.2410.12 
1.5910.13 
2.7910.23 
2.1210.24 
3.1110.15 
2.2410.16 
3.8510.16 
2,9610.09 
2.6110.11 
2.4410.08 
4.1610.37 
3.9510.19 
3.5310.25 
3.9010.25 
3.2810.21 
3.6810.14 
3.7910.12 
-0.0710.01 
-0.0810,01 
-0.0710.00 
-0.0510.01 
-0.0310.01 
-0.0810.01 
-0.0110.01 
-0.0510.01 
-0.0210.01 
-0.0610.01 
-0.0310.01 
-0.1110.01 
-0.0910.00 
-0.0910.01 
-0.0710.00 
-0.1110.02 
-0.1210.01 
-0.0710.02 
-0.1110.01 
-0.0710.01 
-0.0910.01 
-0.0910,01 
w 
All regression coefficients are significant at p < 0.01. 
Table 4.3 Estimated linear and quadratic regression model coefficients for initial parental populations of unequal 
(PA = 0.75 and PB = 0.25) gene frequencies for response in the hybrid populations to selection for 
half-sib and full-sib reciprocal recurrent selection with either Si or S2 recombination units. 
Recomb. Genetic 
units model Linear 
Half-sib 
Quadratic 
Full-sib 
Linear Quadratic 
5, Additive 
Partial Dominance 
Complete Dominance 
Over Dominance 
Add. x Add. 
Add. x Dom. 
Dom. x Dom. 
Add. x Add. & Add. xDom. 
Add. x Add. & Dom. x Dom. 
Add. x Dom. & Dom.x Dom. 
Additive 
Partial Dominance 
Complete Dominance 
Over Dominance 
Add. x Add. 
Add. x Dom. 
Dom. x Dom. 
Add. x Add. & Add. 
Add. x Add. & Dom. 
Add. x Dom. & Dom. 
x Dom. 
x Dom. 
x Dom. 
2.1610.19 
1.7210.05 
1.8910.07 
1.7110.09 
1.0510.13 
3.5610.13 
3.5610.12 
2.7010.16 
2.7310.12 
3.5510.13 
Add.x Add., Add. x Dom., & Dom. x Dom. 2.6810.12 
3.4910.16 
2.3410.11 
1.7610.11 
1.8910.10 
1.8310.10 
4.1010.14 
4.4210.16 
2.9010.18 
3.7610.24 
4.2010.19 
Add. x Add., Add. x Dom., & Dom. x Dom. 2.9410.10 
-0.0610.01 
-0.0510.00 
-0.0610.00 
-0.0510.00 
-o.orsio.oi 
-0.1010.01 
-0.0910.01 
-0.0710.01 
-0.0810.01 
-0.0910.01 
-0.0710.01 
-0.1010.01 
-0.0810.01 
-0.0610.01 
-0.0610.01 
-0.0410.01 
-0.1310.01 
-0.1510.01 
-0.0810.01 
-0.1210.01 
-0.1410.01 
-0.0910.01 
2.5110.12 
1.7410.07 
1.8310.05 
1.7310.08 
1.2610.12 
3.3310.09 
3.4910.12 
2.9310.18 
2.0410.14 
3.8010.10 
2.0810.13 
3.3510.13 
2.4110.01 
1.9110.09 
2.0610.09 
1.7410.15 
3.8910.14 
4.2510.14 
3.1710.17 
3.2110.19 
4.3210.13 
3.0810.27 
-0.0710.01 
-0.0510.00 
-0.0610.00 
-0.0510.00 
-0.0210.01 
-0.0910.00 
-0.0910.01 
-0.0810.01 
-0.0510.01 
-0.1110.00 
-0.0410.01 
-0.1010.01 
-0.0710.00 
-0.0710.01 
-0.0710.01 
-0.0410.01 
-0.1110.01 
-0.1310.01 
-0.1010.01 
-0.0810.01 
-0.1410.01 
-0.0910.01 
£ 
All regression coefficients are significant at p <  0.01 unless marked by ns. 
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coefficients of half-sib RRS and full-sib RRS were not significant for all initial condi­
tions and two types of recombination units except that dominance x dominance genetic 
model with equal initial gene frequencies and recombination unit Si. For dominance 
x dominance condition, half-sib RRS shows 1.7 times significantly (p < 0.01) greater 
linear response than full-sib RRS (Table 4.2). Half-sib RRS shows slightly greater linear 
regression coefficients than full-sib RRS for most of genetic models with equal gene fre­
quencies and recombination unit Si. Linear regression coefficients of half-sib and full-sib 
RRS were similar on average for unequal gene frequencies and equal gene frequencies 
with recombination unit Sg. 
The differences of quadratic regression coefficients of half-sib RRS and full-sib RRS 
were not significant for all initial conditions and two types of recombination units. The 
quadratic regression coefficients for full sib RRS show slightly greater value than half-sib 
RRS, on average. 
The recombination units S2 shows significantly (p < 0.05) greater linear response 
than Si for most of genetic models and for two sets of initial populations gene frequencies 
(Tables 4.2 and 4.3). The magnitude of linear regression coefficients of S2 were greater 
than Si for all initial conditions and both RRS methods. 
Simulated and Mathematically Predicted Responses 
The responses to selection of half-sib and full-sib RRS were mathematically predicted 
by GrifEng's formulae. No genotype x environmental interaction was assumed in sim­
ulation and mathematical prediction. The within family variance was ignored in math­
ematical prediction. A 10% selection intensity and environmental variance N(0,120) 
were used throughout the simulation. The same parameters were used in mathematical 
prediction. 
Arbitrary values of additive effects and dominance deviations were assigned for ge­
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netic models in the simulations. The changes of gene frequencies of parental populations 
were estimated for each cycle in simulation. Parental population gene frequencies were 
estimated in each selection cycle of simulation, additive effects, and dominance deviations 
were used to estimate additive and dominance genetic variances for parental populations 
in each selection cycle. Those estimated variances were used in mathematical prediction. 
The response for a particular selection cycle was predicted from parameters of parental 
populations for that cycle. The prediction was done after 5 and 10 cycles of selection 
for four genetic models. The comparisons of simulated and mathematically predicted 
responses for half-sib and full-sib RRS are given in Table 4.4. 
Response from mathematical prediction is higher than simulation for most situations. 
Overdominance model with equal gene frequencies shows less response from mathemat­
ical prediction for both RRS methods. In full-sib RRS, the overdominance model with 
unequal gene frequencies shows less response from mathematical prediction. 
In general, response from mathematical prediction is more similar to simulation for 
full-sib RRS than half-sib RRS. The difference of simulation and mathematical pre­
diction is greater for recombination units Sg than Si. Prediction is more similar to 
simulation for parental initial populations of equal gene frequencies than of unequal 
gene frequencies. Mathematical prediction is similar to simulation for first few selection 
cycles. The difference between simulation and mathematical prediction becomes larger 
as selection continues. 
Reciprocal Recurrent Selection with Genetic Models 
The results of the simulation study for half-sib RRS and full-sib RRS are recorded 
in Tables B.l through B.42 in Appendix B and included 11 genetic models, two sets of 
initial populations gene frequencies, and two types of recombination units. Each table 
includes the results from half-sib RRS and full-sib RRS by keeping genetic model, initial 
Table 4,4 Simulated (sim.) and mathematically (math.) predicted responses of hybrid populations for 
half-sib and full-sib reciprocal recurrent selection for two starting gene frequencies and two 
recombination units for different genetic models. 
Cycles Model Recombination units 
Half-sib Full-sib Half-sib Full-sib 
Sim. Math. Sim. Math. Sim. Math. Sim. Math. 
Initial parental populations of equal (pa = 0.5 and ps = 0.5) gene frequencies 
5 Additive 15.93 20.30 13.98 18.01 18.76 28.00 18.11 24.15 
Partial Dominance 12.87 17.67 11.63 15.46 16.68 23.59 16.18 20.53 
Complete Dominance 12.58 15.64 11.37 13.36 16.11 19.76 15.19 15.17 
Overdominance 9.32 8.31 7.65 7.27 11.34 11.27 11.61 8.36 
10 Additive 24.60 36.44 23.31 33.21 29.93 48.24 28.43 42.74 
Partial Dominance 19.46 28.84 17.30 26.17 23.56 35.66 22.08 32.33 
Complete Dominance 17.93 24.14 17.57 20.68 19.05 27.79 19.72 20.82 
Overdominance 14.57 11.95 14.40 10.47 18.02 15.00 17.93 11.02 
Initial parental populations of unequal (PA = 0.75 and ps = 0.25) gene frequencies 
5 Additive 10.97 16.06 13.21 15.22 16.15 21.88 15.66 20.72 
Partial Dominance 8.69 15.96 9.01 12.17 14.23 21.06 13.10 14.81 
Complete Dominance 10.48 17.21 9.98 9.09 12.51 22.74 11.40 10.74 
Overdominance 8.84 14.30 8.65 4.75 12.11 19.83 11.50 5.81 
10 Additive 16.97 30.55 19.63 27.45 26.21 39.41 24.82 34.84 
Partial Dominance 13.28 29.61 12.82 20.95 18.04 36.64 18.85 23.54 
Complete Dominance 14.11 32.95 14.11 15.03 14.47 43.16 14.57 17.67 
Overdominance 13.45 28.90 13.26 8.51 15.01 40.12 15.51 10.28 
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parental populations gene frequencies, and recombination units constant. The changes 
of genotypic means with selection cycles are illustrated in Figures C.l through C.ll. 
Each figure corresponds to a genetic model and compares RRS methods, two sets of 
initial populations gene frequencies, and two types of recombination units. 
Additive genetic model 
The changes of population parameters for the additive genetic model are listed in 
Tables B.l through B.4 in Appendix B. The change of genotypic mean with respect 
to selection cycles for additive genetic model is given in Figure C.l in Appendix C. 
For parental initial populations of equal gene frequencies, the hybrid response is nearly 
same as responses of parental populations. The genotypic means of parental populations 
and hybrid are continuously increasing. Recombination units £2 show greater response 
than Si. Response to selection of half-sib RRS is similar to full-sib RRS throughout 
selection cycles. Heterosis was not observed in any of the situations. Selection pressure 
towards an increase in homozygous dominance loci occurred for additive effects. The rate 
of fixation of homozygous dominance loci is high for parental populations and hybrid 
population. The fixation rate was greater for recombination units S? than Si. The 
genotypic variances of parental populations and hybrid are decreasing in early cycles of 
selection. The response from early cycles of selection is nearly linear. Response becomes 
curvilinear in later cycles of selection because of reduction in genotypic variance. 
For initial parental populations of unequal gene frequencies, the hybrid response 
is inferior to the response of initial population with highest gene frequency. Parental 
populations and hybrid are increasing in genotypic mean throughout selection cycles. 
There is no observable difference between half-sib RRS and full-sib RRS. Recombination 
units S2 show greater response than recombination units Si. The rate of fixation of 
homozygous dominance loci is higher in population with higher initial gene frequency 
than hybrid and population with lower initial gene frequency. Highest rate of fixation 
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of homozygous recessive loci was in the population with lower initial gene frequency. 
Within population improvement is more efficient than reciprocal recurrent selection, if 
additive effects are the only contribution to the genotypic score. 
Dominance genetic models 
Three levels of dominance used in this study were partial dominance, complete dom­
inance, and overdominance. The changes of populations parameters for partial domi­
nance genetic model are listed in Tables B.5 through B.8 in Appendix B. The change of 
genotypic mean with respect to selection cycles for partial dominance genetic model is 
given in Figure C.2 in Appendix C. 
For equal gene frequencies, the hybrid response is not superior to the parental popu­
lations for first few selection cycles. After the first few selection cycles, hybrid response 
is greater than parental populations throughout the subsequent selection cycles. Re­
combination units S2 show higher response than Si recombination units. Responses 
from half-sib RRS and full-sib RRS are similar. Higher rate of fixation of homozygous 
dominance loci was in parental population. The rate of fixation of homozygous domi­
nance loci is comparatively low in hybrid population. None of homozygous recessive loci 
was fixed in hybrid population. The genotypic variance is decreasing throughout selec­
tion cycles for parental populations and for hybrid populations. The rate of decrease 
is greater in early selection cycles. The responses of hybrid and parental populations 
become curvilinear in later selection cycles due to reduction in genetic variance. 
For unequal gene frequencies, the performance of the hybrid population is inferior to 
the parental population with highest initial gene frequency. No differences were observed 
between half-sib RRS and full-sib RRS. Recombination units S2 had greater response 
than Si recombination units. The fixation of homozygous dominance loci is greater in 
parental population of highest initial gene frequency. If partial dominance is the only 
contribution to the genotypic score, within population improvement may be better than 
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RRS with initial parental populations of unequal gene frequencies and short-term RRS 
with initial population of equal gene frequencies. The relative behavior of populations 
for partial dominance genetic model depends on the dominance ratio (^). The relative 
behavior of populations is more similar to the complete dominance genetic model, if the 
dominance ratio is close to 1. If the dominance ratio is close to 0, then the relative 
behavior of populations is more similar to the additive genetic model. In this study, the 
dominance ratio for partial dominance genetic model was 0.5. 
The changes of populations parameters for complete dominance genetic model are 
listed in Tables B.9 through B.12 in Appendix B. For complete dominance genetic model, 
the change of genotypic mean with respect to selection cycles is given in Figure C.3 in 
Appendix C. The hybrid response is greater than the parental population after a few 
selection cycles for initial populations of equal gene frequencies. Heterosis is increas­
ing throughout selection cycles. There is no observable difference between half-sib RRS 
and full-sib RRS. Recombination units S2 shows greater response than Si recombina­
tion units in early selection cycles. Selection pressure tends to increase heterozygous 
loci for complete dominance. The fixation of homozygous dominance loci is greater in 
parental populations than the in hybrid population. Genotypic variance is continuously 
decreasing in parental populations and hybrid. There is no fixation of homozygous loci 
in hybrid population. 
For unequal gene frequencies, heterosis is observed in later selection cycles. Parental 
populations are initially increasing and then decreasing. There is no observable difference 
between full-sib RRS and half-sib RRS. Recombination units S2 shows greater response 
than Si recombination units in earlier selection cycles. Within population improvement 
may give greater response than medium-term RRS with initial populations of unequal 
gene frequencies for complete dominance. 
For overdominance genetic model, the change of population parameters are listed 
in Tables B.13 through B.16 in Appendix B. The change of genotypic mean with re­
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spect to selection cycles for the overdominance genetic model is given in Figure C.4 in 
Appendix C. The performance of hybrid population is superior to parental populations 
for overdominance model. Parental populations are decreasing in genotypic mean. The 
responses  for  hal f -s ib  RRS and ful l -s ib  RRS are  s imi lar .  The recombinat ion uni ts  S 2  
shows greater response than S\ recombination units in early selection cycles. Selection 
pressure is towards heterozygous loci for overdominance. The fixation of loci is very 
low in hybrid population. RRS is superior to within population improvement if the 
genotypic score is determined by overdominance. 
Epistasis models 
Three types of epistasis, additive x additive (z), additive x dominance (j), and 
dominance x dominance (fc), and their combinations were investigated in this study. 
For all epistasis models, 50% of the maximum that an individual can attain was due to 
complete dominance effects and the other 50% was due to epistasis effects. The epistasis 
models were complete dominance with one of the types of three epistasis effects (3 mod­
els), complete dominance with two of the types of three epistasis effects (3 models), and 
complete dominance with all three types of epistasis effects. The changes of population 
parameters for epistasis models are listed in Tables B.17 through B.44 in Appendix C. 
The changes of genotypic mean with respect to selection cycles for epistasis models are 
given in Figures C.5 through C.ll in Appendix C. 
The relative behavior of populations for additive x additive interactions genetic 
model is similar to the additive genetic model. No heterosis is present for additive x 
additive interactions genetic model throughout selection cycles. For the other epistasis 
models, heterosis was observed somewhere during the selection cycles. Heterosis was 
observed in early selection cycles and continues to increase through selection cycles 
for parental populations of equal gene frequencies. Heterosis was observed in early 
selection cycles of some epistasis models, while in later cycles for other epistasis models 
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for parental initial populations of unequal gene frequencies. There are no observable 
difference between half-sib RRS and full-sib RRS for all epistasis models, but there is 
for the dominance x dominance genetic model with recombination units S\. Under 
this condition, full-sib RRS shows less response than half-sib RRS throughout selection 
cycles. Recombination units S2 shows greater response than Si recombination units for 
all epistasis models. Arbitrary values and proportions were assigned for three types of 
epistasis and their combination. The relative behavior of populations is dependent on 
assigned values for epistasis effects and proportion of three epistasis effects. The values 
and proportions used in simulation may not represent real life situations. 
Complete Dominance with Different Conditions 
Throughout the simulation study, the number of loci, recombination fraction, envi­
ronmental deviate, and selection intensity were 40, 0.5, Ar(0,120), and 10%, respectively. 
The effects of the four variables on half-sib and full-sib reciprocal recurrent selection for 
complete dominance model were investigated. This simulation study was conducted with 
parental initial populations of equal gene frequencies (pA = 0.5 and pg = 0.5) and Si 
plants as recombination units. Half-sib RRS and full-sib RRS were simulated for eight 
different conditions, changing one at a time. The eight conditions can be grouped into 
four categories: 1) number of loci (20 and 80); 2) recombination fraction (0.25 and 0.1); 
3) environmental deviate (N(0,60) and #(0, 240)); and 4) selection intensity (20% and 
30%). 
The averages of the three replications of population parameters for the eight initial 
conditions are recorded in Tables B.45 through B.52 in Appendix B. The change of the 
genotypic mean of two parental populations and the population cross with respect to 
selection cycles are graphed in Figures C.12 through C.15 in Appendix C. The estimated 
quadratic regression model coefficients for the complete dominance model with different 
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conditions are given in Table 4.5. 
The change of responses to selection from half-sib RRS and full-sib RRS with respect 
to change in number of loci is given in Figure C.12 in Appendix C and Tables B.9, B.45, 
and B.46 in Appendix B. The response from RRS is curvilinear for fewer number (20) 
of loci. The response becomes more linear with an increase in number of loci. The 
value of estimated linear regression coefficients for hybrid populations decreases with an 
increase in number of loci (Table 4.5). The response from early selection cycles is greater 
for fewer number of loci. The genotypic mean of hybrid attains its maximum in early 
selection cycles, if number of loci is low. The number of cycles to attain the maximum 
genotypic score increases with an increase of number of loci. There is no observable 
difference of responses from half-sib RRS and full-sib RRS for different number of loci. 
The number of cycles for expression of heterosis increases with an increase in number of 
loci. 
The changes of responses from half-sib RRS and full-sib RRS with respect to changes 
in recombination probabilities are given in Figure C.13 in Appendix C. The results of 
simulation for different recombination probabilities are given in Tables B.9, B.47, and 
B.48 in Appendix B. The response of the hybrid is less for lower recombination proba­
bility (tight linkage) in early selection cycles. With continued selection, the responses 
become similar. This may due to breakage of linkage groups and recombination in long-
term selection and recombination. The responses from half-sib RRS and full-sib RRS 
are similar for different recombination fractions. 
The change of responses from half-sib RRS and full-sib RRS with respect to change in 
environmental variances is given in Figure C.14 in Appendix C and Tables B.9, B.49, and 
B.50 in Appendix B. The responses from early selection cycles decrease with an increase 
in environmental variance. There is no observable differences of responses between half-
sib RRS and full- sib RRS for different environmental variances. 
The changes of responses from half-sib RRS and full-sib RRS with respect to changes 
Table 4.5 Estimated linear and quadratic regression model coefficients estimating 
response to selection for complete dominance genetic model under differ­
ent initial conditions for half-sib and full-sib reciprocal recurrent selection, 
Half-sib 
Linear Quadratic 
Full-sib 
Linear Quadratic 
Number of loci 
20 Loci 
40 Loci 
80 Loci 
2.5910.14 
2.4110.09 
1.6610.07 
-0.0110.01 
-0.0810.00 
-0.0410.00 
2.7210.13 
2.3310.09 
1.5010.05 
-0.1010.01 
-0.0710.00 
-0.0410.00 
Recombination fraction 
0.10 
0.25 
0.50 
2.2310.08 
2.2910.09 
2.4110.09 
-0.0710.00 
-0.0710.00 
-0.0810.00 
2.5710.09 
2.3110.10 
2.3310.09 
-0.0810.00 
-0.0710.00 
-0.0710.00 
Ol 
Environmental variance 
JV(0,60) 
N 0,120) 
iV(0,240) 
Selection intensity 
10% 
20% 
30% 
2.5210.11 
2.4110.09 
2.2810.07 
2.4110.09 
2.0110.06 
1.7910.07 
-0.0910.01 
-0.0810.00 
-0.0710.00 
-0.0810.00 
-0.0510.00 
-0.0510.00 
2.5110.10 
2.3310.09 
2.1310.10 
2.3310.09 
1.9010,07 
1.8510.06 
-0.0810.00 
-0.0710.00 
-0.0610,00 
-0.0710.00 
-0.0510.00 
-0.0510.00 
All regression coefficients are significant at p < 0.01. 
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in selection intensities axe given in Figure C.15 in Appendix C and Tables B.9, B.51, and 
B.52 in Appendix B. The responses are more curvilinear for greater selection intensities. 
The responses from early cycles of selection increase with increases in selection inten­
sities. The genotypic value of hybrid attained its maximum in early cycles of selection 
for higher selection intensities. The values of estimated linear regression coefficients for 
hybrid populations increase with an increase of selection intensity (Table 4.5). The re­
sponses from both RRS methods are similar for different selection intensities. However, 
there should be balance between effective population size and selection intensity. Higher 
selection intensities in small populations may cause the loss of favorable alleles because 
of genetic drift. 
Discussion 
RRS has proven to be a successful method for increasing the heterosis between pop­
ulations from field experiments. A minimum of two years is necessary to complete a 
cycle of RRS. Because of the greater time requirements, the available results from most 
field experiments were limited to less than 10 cycles of selection. Computer simulation 
studies with reasonable initial conditions and valid hypothesis may be helpful to under­
stand the approximate response from RRS in a long-term selection program. Computer 
simulation studies also have limitations. Complicated genetic situations may not be in­
cluded in simulation. Hypothetical genetic situations have to be included in simulations, 
if the exact genetic situation is not known. The hypothetical genetic models may not 
be representing the real biological situation. The type of gene action may be the more 
important factor for the expression of heterosis in RRS. The type of gene action for the 
expression of heterosis, however, is not clearly defined. 
The main objective of Cress' (1967) simulation studies was to compare half-sib RRS 
and its two modifications. The genetic models included complete dominance and purely 
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overdominance. The purely overdominance model may be an extreme situation. A 
number of starting gene frequencies were used with the genetic models. The number 
of individuals in each selection cycle, number of selection cycles, number of loci, and 
selection intensity were 90, 20, 40, and 11%, respectively. Martin and Hallauer (1980) 
compared response to selection of half-sib RRS from field data with computer simula­
tion. The genetic models included additive, partial dominance, and complete dominance. 
Two sets of allelic frequencies were used as initial conditions. The number of individuals 
in each selection cycles, number of selection cycles, number of loci, and selection inten­
sity were 110, 10, 40, and 10%, respectively. The number of individuals and selection 
intensities used by Cress (1967), and Martin and Hallauer (1980) were similar to those 
generally used by maize breeders. Cress (1967), and Martin and Hallauer (1980) did 
not investigate impacts of epistasis effects on expression of heterosis. Epistasis effects 
may be either as important or more important than dominance for the expression of 
heterosis. 
Jones et al. (1971) compared half-sib RRS and full-sib RRS with computer simula­
tion. The genetic models included additive, dominance, multiplicative, and complemen­
tary epistasis. It was not clear what types of gene action were used for the two epistasis 
models. The genetic basis for a quantitative character was 28 loci. Twenty eight loci 
may not be adequate for a quantitative character such as yield. The population size 
and selection intensities were less than those generally used by maize breeders. The 
comparison of half-sib RRS and full-sib RRS was done with two different population 
sizes. Based on the results of simulation study, Jones et al. (1971) reported that full-sib 
RRS gives greater rate of response under lower selection intensities. 
The objective of this study was to compare half-sib RRS and full-sib RRS and a 
modification of those by simulation studies. The number of individuals and selection 
intensity were similar to those generally used by maize breeders. The comparison of 
half-sib and full-sib RRS was done with the same population size. The results of this 
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simulation study were similar to those reported by Cress (1967) and Martin and Hallauer 
(1980) for half-sib RRS with corresponding initial conditions. The objective of this 
study, however, was to compare half-sib RRS and full-sib RRS and its modification. 
The initial conditions for Jones et al. (1971) were not similar to the conditions used in 
this simulation study. In this study, different types and combinations of epistasis effects 
were investigated in addition to additive and dominance effects. Heterosis was expressed 
in all epistasis models except for the additive x additive genetic model. 
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5 CONCLUSIONS 
The results of simulation studies indicated that the efficiency of full-sib RRS was 
similar to half-sib RRS for 21 initial conditions with Si plants as recombination units. 
The linear response of half-sib RRS was 1.7 times significantly (p < 0.01) greater than 
the response of full-sib RRS for the dominance x dominance genetic model with Si plants 
as recombination units. However, there were no significant differences between full-sib 
RRS and half-sib RRS for any of the 22 initial conditions with S2 plant as recombination 
units. Use of S2 plants as recombination units, however, increased responses to selection 
for both full-sib RRS and half-sib RRS for all 22 initial conditions. 
Full-sib RRS requires only 50% as many testcross progenies to evaluate for the same 
efficiency of half-sib RRS, or the effective population size can be doubled in full-sib RRS 
using the same resources for half-sib RRS. Use of S2 plants as recombination units may 
increase the time required to complete a selection cycle. However, use of off- season 
nurseries for additional generation of inbreeding may not increase the time required to 
complete a selection cycle. Full-sib RRS with S2 plants as recombination units could be 
a more efficient method of simultaneous, reciprocal improvement of two populations to 
maximize the performance of the population cross. 
Comparisons of mathematically predicted responses from Griffings's formulae and 
simulated responses indicated that mathematical predictions were more similar to sim­
ulation for full-sib RRS than for half-sib RRS. Response from early cycles of simulation 
was accurately predicted by Griffing's formulae. 
The improvement of hybrid performance was not greater than improvement in popu­
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lations themselves if the genotypic score of an individual is determined only by additive 
and/or additive x additive epistasis. The response of the hybrid was not greater than 
response of the parental populations with highest gene frequency for partial dominance 
with parental initial populations of unequal gene frequencies. The improvement of hy­
brid performance was greater than populations themselves for partial dominance with 
parental initial populations of equal gene frequencies, complete dominance, overdomi­
nance, and epistasis effects other than additive x additive interactions alone. 
There are two important limitations of genetic simulation studies. First, it requires 
simplification of genetic situations. Second, general conclusions have to be drawn from a 
specific set of conditions (Cress, 1967). There are several hypotheses to explain heterosis, 
including partial or complete dominance, overdominance, and epistasis effects. The 
genetic models used in this simulation study were based mainly on those hypotheses. 
Those genetic models may not represent the real biological situations. The types of 
genetic effects important for the expression of heterosis are not clearly understood, and 
the genetic basis of heterosis may be too complicated to be predicted by limited genetic 
models. 
Computer simulation studies with reasonable initial conditions and valid hypothe­
sis may be helpful to understand the approximate response from RRS in a long-term 
selection program. The accuracy of simulation is determined by the validity of those 
initial conditions and hypotheses. Computer simulation is not a substitute for field ex­
periments. The relative efficiency of two breeding programs (half-sib RRS and full-sib 
RRS) will ultimately be determined by field experiments. 
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APPENDIX A COMPUTER PROGRAM 
Main Program 
simulation. rrs<-function(initial .data) { 
cat("\t\t-Beginning of Simulation- ",,fill=T) 
catC'START" ,date() ,fill=T) 
#########*##**##«##############################*################### 
**# Initial Values ### 
n<-initial-data[l] ##Iumber of individuals 
#in each selection cycle 
nloci(-initial .data[2] ##Iumber of loci 
pa<-initial .data[3] ««Initial gene frequency of population A 
pb<-initial.data[4] ««Initial gene frequency of population B 
xop<-initial.data[53 ««Crossover probability 
nfem<-initial-data[63 ##Iumber of females per male for HS 
ipchs<-initial -data[7] ««lumber of progeny per cross for HS 
ipcfs<-nfem*ipchs ##Iumber of progeny per cross for FS 
model(-initial.data[8] ««Genetic Model 
##1 Additive 
##2 Partial Dominance 
*#3 Complete Dominance 
##4 Overdominance 
##5 Additive*Additive Interactions 
*«6 Additive*Dominance Interactions 
##7 Dominance*Dominance Interactions 
##8 Additive*Additive and Additive*Dominance 
##9 Additive*Additive and Dominance*Dominance 
##10 Additive*Dominance and Dominance*Dominance 
##11 Additive*Additive, Additive*Dominance, and Dominance«Dominance 
md<—initial .data[9] ##Variance among plots and 
•individuals within plots 
selintC-initial.dataClO] ««Selection intensity 
ipr<-initial.data[ll] ##Iumber of progeny per recombination 
ippopc<-initial.data[12] ##Iumber of progeny per population cross 
ncyc<-initial.data[13] ##Iumber of cycle of selection 
r<-initial.data[14] ##Iumber of replications 
s<-initial.data[15] ##0ne generation of selfing before 
«Producing testcross progeny 
#0 Io 
#1 Yes 
################################################################## 
### Print Initial Values ### 
cat("lumber of individuals in each selection cycle : ",n,fill=T) 
cat("lumber of loci: ",nloci,fill=T) 
catCInitial Gene frequency of population A: ",pa,fill=T) 
catC'Initial Gene frequency of population B: ",pb,fill=T) 
cat("Crossover probability: ",xop,fill=T) 
catC'Zumber of females per male for HS : " ,nf em,f ill=T) 
cat("Iumber of progeny per cross HS: ipchs,fill=T) 
catC'Iumber of progeny per cross FS : " ,ipcf s ,f ill=T) 
cat("Genetic Model: ",switch(model,"Additive","Partial Dominance", 
"Complete Dominance", "Overdominance", 
"Additive*Additive" , "Additive*Dominance" ,"Dominance*Dominance", 
"Additive*Additive and Additive*Dominance", 
"Additive*Additive and Dominance*Dominance", 
"Additive*Domi nance and Dominance «Dominance" , "Mixed") ,f ill=T) 
cat("Variance among plots and individuals within plots : " ,rnd,fill=T) 
cat("Selection intensity: ",selint,fill=T) 
catC'Iumber of progeny per recombination : " ,ipr,fill=T) 
cat("Number of progeny per population cross: ",ippopc,fill=T) 
catC'Iumber of cycles of selection: " ,ncyc,fill=T) 
cat("lumber of replications: ",r,fill=T) 
cat("One generation of selfing before Producing testcross progeny: 
if else ( (s=0) , "Io", "Yes" ) ,fill=T) 
################################################################### 
### Initiate array of population information ### 
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pop. inf<-array (0 ,c(r,ncyc+l ,32) ) 
dimnames(pop. inf) <-list(c(1 :r),c(0:ncyc), 
c("GF_PopA_HS"."Hean.PopA.HS","VAR_PopA_HS" 
,"AA_PopA_HS","aa_PopA_HS" 
,"GF_PopB_HS" ,"Hean_PopB_HS" ,"VAR_PopB_HS" 
,"AA_PopB_HS","aa_PopB_HS" 
,"GF_PopAB_HS","Hean_PopAB_HS","VAR_PopAB_HS" 
,"AA_PopAB_HS","aa_PopAB_HS","Het_HS" 
,"GF_PopA_FS" ,"llean_PopA_FS" ,"VAR_PopA_FS" 
,"AA_PopA_FS","aa_PopA_FS" 
,"GF_PopB_FS" ,"Hean_PopB_FS" ,"VAR_PopB_FS" 
, AA_PopB_FS" , "aa_PopB_FS" 
,"GF_PopAB_FS","Mean_PopAB_FS","VAR_PopAB_FS" 
,"AA_PopAB_FS","aa_PopAB_FS","Het_FS" )) 
s###########»################################################### 
for (i in l:r) 
s####################»###################################*###### 
#### Generate Initial Populations Cycle:0 #### 
popA<-initial .pop(n,nloci,pa) 
pop.inf[i,1,1]<-pop.inf[i.l,17]<-mean(popA) 
gv.popA<-evaluate(popA,"pop" ,model.md) [[1]] 
gmean ,popA<-mean(gv-popA) 
gvar.popA<-var(gv.popA) 
pop.inf [i,l,2] <-pop.inf[i,l,18]<-gmean.popA 
pop.inf[i,1,3]<-pop.inf[i,1,19] <-gvar.popA 
loci.sum<-apply(popA,3,sum) 
pop. inf [i, 1,4] <-pop. inf [i, 1,20] (-length (loci. sum [loci .sum= (n*2)] ) 
pop.inf [i,1,5] <-pop. inf [i, 1,21] (-length (loci. sum[loci. sum=0] ) 
popB<-initial.pop(n,nloci ,pb) 
pop.inf[i,l,6]<-pop.inf[i,1,22]<-mean(popB) 
gv.popB<-evaluate(popB,"pop" ,model,md) [[1]] 
gmean.popB<-mean(gv.popB) 
gvar.popB<-var(gv.popB) 
pop.inf[i,1,7]<-pop.inf[i.l,23]<- gmean.popB 
pop.inf [i,l ,8]<-pop.inf [i ,1,24]<- gvar.popB 
loci .sum<-apply(popB,3,sum) 
pop.inf [i,l ,9]<-pop.inf [i,1,25]<-length (loci .sum [loci.sum=(n*2)] ) 
pop.infCi.l,10]<-pop.inf [i.l,26]<-length(loci. sum[loci.sum==0]) 
popAB<-fs.testcross(popA,popB,xop,ippopc) [[2]] 
pop.inf [i,l ,ll]<-pop.inf [i,l,27]<-mean(popAB) 
gv.popAB<-evaluate(popAB,"tcp",model,rnd) [ [1]] 
gmean .popAB<-mean(gv.popAB) 
gvar. popAB<-var(gv. popAB ) 
pop.inf [i.l,12]<-pop.inf[i,l,28]<- gmean.popAB 
pop.inf[i.l,13]<-pop.inf[i,1,29]<- gvar.popAB 
loci.sum<-apply(popAB,4,sum) 
pop. inf [i, 1,14] <-pop. inf [i, 1,30] <-length(loci. sum [loci. sum=(n*ippopc*2) ] ) 
pop. inf [i,l ,15] <-pop. inf [i, 1,31] <-length(loci .sum [loci. sum=0] ) 
pop. inf [i,l,16]<- pop - inf [i, 1,32] <—(  (gmean. popAB - (max (gmean. popA, gmean. popB ) ) ) 
/ (max (gmean. popA, gmean. popB)  )»100) 
a#*#####*#####*########################*#*##**#*#*#***##**#**##** 
hs.popA<-popA 
fs .popA<-popA 
hs.popB<-popB 
fs.popB<-popB 
{for(j in lrncyc) 
N*###**#*#*#*#*####*####**#*##*###**###*#########***#*########## 
### Produce testcross progenies ### 
if (s=0) { 
#### Produce testcross progenies without selfing ##* 
tcpA<-hs-testcross(hs.popA.hs.popB.xop ,nfem,ipchs) 
tcpB<-hs-testcross(hs-popB.hs.popA,xop ,nfem,ipchs) 
fs-test.out<-fs.testcross(fs.popA,fs.popB.xop,ipcf s) 
rand.ord.popB<-fs.test.out[[1]] 
tcpAB<-fs-test-out[[2]] 
> 
else if (s=l) 
### Produce testcross progenies after selfing ### 
self. hs.popA<-self(hs.popA,xop) 
self.hs.popB<-self(hs.popB.xop) 
self-fs.popA<-self(fs.popA,xop) 
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self .fs -popB<-self(fs-popB.xop) 
tcpA<-hs .testcross(self.hs.popA,self .hs .popB ,xop,nf em,ipchs) 
tcpB<-hs. testcross (self .hs.popB, self. hs .pop A, xop, nf em, ipchs) 
fs,test.out<-fs.testcross(self-f s.popA,self.fs.popB,xop,ipcfs) 
rand.ord.popB<-fs.test.out[[1]] 
tcpAB<-fs.test.out C[2]] 
hs,popA<-self.hs.popA 
hs-popB<-self-hs.popB 
fs,popA<-self.fs.popA 
fs.popB<-self.fs.popB 
> 
a##***##*##**#*;***##***#**######*####*##**##*#####*#*#*#**##***** 
#### Evaluate testcross progenies ### 
mean - pv .tcpA<-evaluate (tcpA, "tcp" , model,md) [[2]] 
mean.pv.tcpB<-evaluate(tcpB,"tcp" ,model,rnd) [[2]] 
mean.pv.tcpAB<-evaluate(tcpAB,"tcp",model ,rnd) [[2]] 
###* Selection «*# 
select .order-popA<-selection(mean.pv.fccpA,c(l:n) ,selint) 
select. ind .hs .popA<-hs popA [select. order. popA[,l] ,,] 
select.order.popB<-selection(mean.pv.tcpB,c(l:n) ,selint) 
select. ind .hs .popB<-hs .popB [select. order. popB[, l] ,,] 
select. order .fs. pops<-selection(mean. pv. tcpAB, rand .ord. popB, selint) 
select. ind .fs -popA<-f s. popA [select. order, f s. pops [,1] ,,] 
select. ind .fs-popB<-fs. popB [select. order, f s. pops [,2] ,,] 
*## Self #*# 
select .self. ind .hs ,popA<-self (select. ind.hs.popA,xop) 
select, self .ind. hs ,popB<-self (select. ind. hs. popB ,xop) 
select .self .ind.fs -popA<-self (select.xnd.fs .popA,xop) 
select .self. ind .fs .popB<-self (select. ind.fs.popB,xop) 
B##*#**#*#*****##****#*##*###*#########*#***#**#*##**#**#**###** 
#### Recombine ### 
hs.popA<-recombine(n,select.self.ind .hs .popA,xop,ipr) 
hs. popB<-recombine (n, select. self. ind .hs . popB ,xop, ipr ) 
fs.popA<-recombine(n,select .self.ind .fs - popA ,xop, ipr) 
fs. popB<-recombine (n, select. self. ind .fs .popB ,xop, ipr) 
999999999999999999999999999999999999999999999999999999999999*99 
#># Estimate population parameters 999 
99 HS RRS ## 
pop. inf[i,j+1,1]<-mean(hs.popA) 
gv.hs-popA <-evaluate(hs .popA,"pop" ,model,rnd) [[!]] 
gmean.hs .popA<-mean(gv.hs.popA) 
gvar. hs. popA<-var (gv.hs.popA) 
pop. inf [i, j+1,2] <- gmean. hs . popA 
pop. inf [i, j+1,3] <- gvar .hs.popA 
loci. sum<-apply(hs. popA ,3 ,sum) 
pop. inf [i, j+1,4] (-length (loci .sum [loci. sum=(n*2)] ) 
pop. inf [i, j+1,5] <-length (loci. sum [loci. sum=0] ) 
pop. inf [i, j+1,6] <-mean(hs. popB) 
gv.hs .popB<-evaluate(hs.popB,"pop",model,md) [[l]] 
gmean.hs.popB<-mean(gv.hs.popB) 
gvar hs.popB<-var(gv.hs.popB) 
pop.inf[i,j+1,7]<- gmean.hs.popB 
pop.inf [i, j+1,8]<- gvar.hs.popB 
loci. sum<-apply (hs. popB ,3, sum) 
pop. inf [i, j+1,9] <-length (loci. sum [loci. sum=(n»2) ] ) 
pop. inf [i, j+1,10] (-length(loci. sum[loci ,sum=0] ) 
hs -popAB<-fs.testcross (hs .popA.hs -popB ,xop .ippopc) [[2]] 
pop.inf [i, j+1,11]<-mean(hs.popAB) 
gv.hs .popAB<-evaluate(hs .popAB,"tcp" ,model ,rnd) [[1]] 
gmean .hs.popAB<-mean(gv.hs.popAB) 
gvar .hs.popAB<-var(gv.hs.popAB) 
pop. inf [i, j+1,12] <- gmean. hs. popAB 
pop.inf[i,j+1,13]<- gvar.hs.popAB 
loci. sum<-apply(hs. popAB ,4, sum) 
pop .inf [i, j+1,14]<-length(loci .sum[loci .sum=(n»ippopc»2)] ) 
pop. inf [i, j+1,15] <-length (loci. sum [loci .sum—O] ) 
pop. inf [i, j+1,16] <-(( (gmean. hs .popAB - (max (gmean. hs. popA, gmean. hs. popB ) ) ) 
/(max(gmean.hs .popA,gmean.hs .popB) ) )«100) 
«* FS RRS #* 
pop.inf[i,j+1,17]<-mean(fs.popA) 
gv.fs.popA <-evaluate(fs.popA,"pop" .model,rnd) [[1]] 
gmean.fs ,popA<-mean(gv.fs .popA) 
gvar .fs. popA<-var(gv.fs. pop A) 
pop.inf[i,j+1,18]<- gmean.fs.popA 
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pop .inf [x, j+1,19]<- gvar.fs.popA 
loci.sum<-apply(fs.popA,3,sum) 
pop. inf Ci, j+1,20] <-length (loci. sumCloci -sum=(n*2)] ) 
pop.inf [i, j+1,21](-length(loci.sumCloci,sum=0] ) 
pop.inf[i,j+1,22]<-mean(fs.popB) 
gv. f s. popB<-e valuate (f s. popB, "pop", model, rnd) [[1]] 
gmean.f s-popB<-mean(gv.fs.popB) 
gvar .fs. popB<-var (gv .fs. popB ) 
pop.inf[i, j+1,23]<- gmean.fs.popB 
pop.inf Ci, j+1,24]<- gvar .fs.popB 
loci.sum<-apply(fs.popB,3,sum) 
pop. inf [i, j+1,25] <-length (loci. sum[loci .sum=(n»2)3) 
pop. inf [i, j+1,26](-length(loci .sumCloci .sum=0] ) 
fs. popAB<-f s. testcross (fs .popA ,f s .popB, xop, ippopc) CC2]  
pop.inf Ci,j+1,27] <-mean (fs. popAB) 
gv.fs-popAB<-evaluate(fs.popAB,"tcp" ,model,rnd) [Cl]] 
gmean .fs .popAB<-mean(gv.fs.popAB) 
gvar.fs .popAB<-var(gv.fs.popAB) 
pop. inf Ci, j+1,28] <- gmean.fs.popAB 
pop. inf Ci, j+1,29] <- gvar.fs .popAB 
loci .sum<—apply (f s-popAB,4,smn) 
pop. inf Ci, j+1,30](-length (loci. sumCloci ,sum=(n*ippopc*2)] ) 
pop. inf [i, j+1,31] <-length(loci. sumCloci .sum=0] ) 
pop. inf Ci, j+1,32] <-(( (gmean. fs. popAB - (max (gmean. fs.popA, gmean. fs.popB))) 
/ (max (gmean .fs. popA, gmean .fs. popB)  ) *100) 
a###*#**#**###*####**##**#####**#*###*#*******#####*###*#***** 
> > } 
*##*##*#*##**##*##*#**#*####*######*####*###########*######### 
pop.inf .mean<-apply(pop.inf ,c(2,3) .mean) 
print(pop. inf.mean) 
out<-list(pop.inf,pop.inf. mean) 
####*#*##***#*##****###**##**####**##*###**#***##*#*######*** 
cat("\t\t-End of Simulation-",,fill=T) 
catO'EID" ,date(),fill=T) 
return(out) 
> 
Subroutines 
Initiation of populations 
initial.pop<-function(n,nloci,p) 
population<-array(0,c(n,2,nloci) ) 
for(i in l:n) 
{for(j in ltnloci) 
{for(k in 1:2) 
{ r<-runif(1) 
population Ci ,k, j] <-ifelse ( (r<=p) ,1,0) }» 
return(population) } 
Production of half-sib testcross families 
hs . testcross<-function(popl,pop2 ,xop ,nf em, ipc) 
n<-(dim(popl)Cl] ) Slumber of individuals 
nloci<-(dim(popl) C3] ) Slumber of loci 
hs .tcp<-array(0,c(n,nfem,ipc,2,nloci) ) 
ttProduce HS testcross progenies 
for (i in l:n) 
{rand .f em<-pop2 Csample (n, nf em) , ,] 
{for (j in 1:nfem) 
{rand.ind<-rand.femCj,,] 
{for (k in 1:ipc) 
{rl<-runif(1) 
pl<-ifelse((rl<=0.5) ,1,2) 
hs.tcpCi,j,k,l,l]<-poplCi,pl,l] 
r2<-runif(1) 
p2<-ifelse((r2<=0.5) ,1,2) 
hs.tcpCi, j,k,2,l] <-rand. ind Cp2,1] 
{for (m in 2:nloci) 
{rl<-runif(1) 
pl<-ifelse ((((pl==l)â(rl>xop)) | ((pl=2)t(rl<=xop) ) ) ,1,2) 
hs.tcpCi, j.k.l ,m]<-popl[i,pl,m] 
r2<-runif(1) 
p2<-ifelse ((((p2==l)t(r2>xop))IC(p2=2)t(r2<=xop))),1,2) 
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hs.tcp[i,j,k,2,m]<-rand.ind[p2„m] >}}}}}} 
«Rearrange the testcross progeny array 
hs.tcp<-array(hs.tcp,c(n,(nfem»ipc),2,nloci)) 
return(hs.tcp) 
} 
Production of full-sib testcross families 
fs-testcross<-function(popl,pop2,xop,ipc) 
n<-(dim(popl) [1] ) SBumber of individuals 
nloci<-(dim(popl) C3] ) Slumber of loci 
fs. tcp<-array (0, c(n, ipc, 2, nloci) ) 
randord. pop2<-sanple (n, n ) 
SProduce FS testcross progenies 
for (i in l:n) 
•Grand.ind<-pop2Crandord.pop2Ci3 ,,] 
{for (j in l:ipc) 
{rl<-runif(1) 
pl<-ifelse((rl<=0.5),1,2) 
fs.tcpCi, j,l ,l]<-poplCi,pl ,1] 
r2<-runif(1) 
p2<-ifelse((r2<=0.S),1,2) 
fs.tcpCi,j,2,l]<-rand.ind Cp2,1] 
{for (m in 2:nloci) 
{rl<-runif(1) 
pl<-ifelse ((((pl==l)*(rl>xop)) I ((pl=2)t(rl<=xop))) ,1,2) 
fs.tcp Ci,j,1,m]<-poplCi.pl.m] 
r2<-runif(1) 
p2<-ifelse ((((p2=l)fc(r2>xop)) I ((p2=2)t(r2<=xop) ) ) ,1,2) 
fs.tcpCi,j,2,m]<-rand.ind[p2,m3 > } > > } 
out<-list(randord.pop2,fs.tcp) 
return(out) } 
Production of self progenies 
self(-function(pop,xop) 
n<-dim(pop) Cl] 
nloci<-dim(pop) [3] 
self.progeny<-array(0,c(n,2,nloci)) 
SProduce self progenies 
for (i in l:n) 
{rK-runif(l) 
pl<-ifelse((rl<=0.5),1,2) 
self.progeny Ci,1,1]<-pop Ci.pl,1] 
r2<-runif(1) 
p2<-ifelse((r2<=0.5),1,2) 
self. progeny Ci,2,1]<-pop Ci,p2,l] 
{for (j in 2:nloci) 
{rl<-runif(1) 
pl<-ifelse ((((pl=l)*(rl>xop)) I ((pl=2)*(rl<=xop))) ,1,2) 
self.progeny Ci,1,j]<-pop[i,pi,jj 
r2<-runif(1) 
p2<-ifelse ((((p2=l)t(r2>xop)) | ((p2=2)t(r2<=xop) ) ) ,1,2) 
self.progeny Ci,2,j]<-pop Ci,p2,j]}>} 
return(self-progeny) 
Evaluation of individuals and testcross progenies 
evaluate<-function(entry,code.model,rnd) 
gv.entry<-ssitch(model.modell(entry,code) ,model2(entry.code), 
mode!3(entry.code), model4(entry,code) , 
models(entry,code), models(entry.code), 
model?(entry.code), models(entry.code), 
model9(entry,code), modellO(entry,code), 
modell1(entry,code ) ) 
if (code="pop") 
n<-dim(entry) Cl] 
plot.ind.error<-rnonn(n,0,sqrt (rnd)) 
pv.entry<-gv.entry+plot.ind.error 
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else if (code="tcp") 
n<-dim(entry) [1] 
ntcp<-dim(entry)[2] 
plot.ind. error<-array(rnorm(n*ntcp,0,sqrt (rnd)),c(n,ntcp)) 
pv. entry<-gv. entry+plot. ind - error 
gv.entry<-apply(gv.entry,1.mean) 
pv.entry<-apply(pv.entry,1,mean) 
} 
out<-list (gv. entry,pv.entry) 
return(out) 
> 
Selection of superior individuals 
selection<-functionCmean.pv.tcp,rand.ord _pop2,selint) 
n<-length(mean.pv.tcp) 
nsi<-n*selint 
mean.pv.tcp<-cbind(1:n„mean.pv.tcp,rand.ord.pop2) 
mean.pv.tcp<-mean.pv.tcp[rev(order(mean.pv.tcp[,2])),] 
select.ind<- (mean, pv.tcp[1:nsi,])[,c(l,3)] 
return(select.ind) 
> 
Recombination of superior individuals 
recombine<-function(n,pop,xop,ipr) 
selind<-dim(pop) [1] 
nloci<-dim(pop) [3] 
nri<-((selind*(selind-1))/2)»ipr 
neapopC-array(0,c(nri,2,nloci) ) 
ftRecombine selected individuals 
ind<-0 
for (i in 1 : (selind-1)) 
{for (j in (i+1):selind) 
{for (k in 1 : ipr) 
{ ind<-ind+l 
rl<-runif(1) 
pl<-ifelse((rl<=0.5),1,2) 
neepop[ind,1,1]<-pop[i,pi,1] 
r2<-runif(1) 
p2<-ifelse C(r2<=0.5),1,2) 
neopop[ind,2,1]<-pop[j,p2,l] 
{for (m in 2:nloci) 
{rl<-runif(1) 
pl<-ifelse ((((pl=l)à(rl>xop) ) I ((pl=2)t(rl<=xop) ) ) ,1,2) 
newpop[ind,1,m]<-pop[i,pi ,m] 
r2<-runif(!) 
p2<-ifelse (( ((p2=l )fc(r2>xop) ) I ((p2=2)â(r2<=xop) ) ) ,1,2) 
newpop[ind,2,m]<-pop[j ,p2,m] > > } > } 
newpop<-neopop [sample(nri,n),,] 
return(newpop) 
Sub-subroutines: Genetic Models 
Additive Genetic Model 
modell<-function(entry ,code) 
### Additive Genetic Model ### 
if (code="pop") 
{ 
gv. entry<-apply (entry, 1, sum) 
else if(code=="tcp") 
{ 
gv.entry<-apply(entry,c(l,2).sum) 
return(gv.entry) 
Dominance Genetic Models 
model2<-function(entry.code) 
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*## Partial Dominance Genetic Model #*# 
if (code="pop") 
n<-dim(entry) [1] 
loci-sura<-apply(entry,cCl,3),sum) 
gv.entry<-rep(0,n) 
{for (i in l:n) 
{gv .entry[i]<-(((length(loci .sumCi,] [loci.sum[i ,3=2] ) )*2) 
+ ( (lengthdoci -sum[i,3 [loci.sum[i ,3 =13 ) )* 1.5) ) >} 
else if (code=""tcp" ) 
nC-dim(entry) [13 
ntcp<-dim(entry) [23 
loci.sum<-apply(entry,c(l,2,4).sum) 
gv.entry<-matrix(0,n,ntcp) 
{for (i in 1:n) 
{for (j in 1:ntcp) 
{gv.entry[i, j]<-(((length(loci .sum[i, j ,3 [loci .sum[i, j ,3=2] ))*2) 
+( (lengthdoci .sum[i, j ,3 [loci.sum[i ,j ,3=l3 ) )»1.5) 
)»> 
return(gv.entry) 
model3<—function(entry, code) 
99» Complete Dominance Genetic Model ### 
if (code="pop" ) 
n<-dim(entry) [l3 
loci.sum<-apply(entry,c(1,3),sum) 
gv.entry<-rep(0 ,n) 
{for (i in l:n) 
{gv.entry[i3<-(((length(loci .sum[i ,3 [loci.sum[i ,3=23 ) )*2) 
+((lengthdoci.sum[i,3 [loci.sum[i,3 =13))*2)) » 
else if(code=="tcp") 
n<-dim(entry) [13 
ntcp<-dim(entry)[23 
loci.sum<-apply(entry,c(l,2,4),sum) 
gv.entry<-matrix(0,n,ntcp) 
{for (i in l:n) 
{for (j in 1:ntcp) 
{gv.entry[i, j3<~(((length(loci .sum[i , j ,3 [loci-sum[i, j ,3=23 ))*2) 
+((lengthdoci .sum[i, j ,3 [loci.sum[i ,j ,]=!]))*2) ) 
>}} 
return(gv.entry ) 
model4<-function(entry,code) 
»»» Overdominance Genetic Model 999 
if(code="pop") 
n<-dim(entry)[1] 
loci.sum<-apply(entry,c Cl,3).sum) 
gv.entry<-rep(0,n) 
{for (i in l:n) 
{gv.entry[i]<-(((length(loci .sum[i,] [loci.sum[i,] =2] ) )*1.5) 
+((lengthdoci.sum[i,] [loci.sum[i,] =1]))*2)) » 
else if (code="tcp") 
n<-dim(entry) [1] 
ntcp<-dim(entry)[2] 
loci.sum<-apply(entry,c(l,2,4),sum) 
gv.entry<-matrix(0,n,ntcp) 
{for (i in l:n) 
{for (j in 1:ntcp) 
{gv. entry [i, j]<-
(((lengthdoci.sum[i, j ,] [loci.sum[i,j ,]=2] ))*1.S) 
+((lengthdoci.sum[i,j ,3 [loci.sum[i, j,3=l3))*2) ) 
return(gv.entry) 
> 
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Epistasis models 
model5<—function(entry,code) 
### Additive»Additive Genetic Model ### 
x<—.488 
if C code=="pop") 
n<-dim(entry) [l] 
nloci<-dim(entry)[3] 
loci -sum<-apply(entry ,c(l,3),sum) 
gv.entry<-matrix(0,n.nloci/4) 
{for (i in l:n) 
{part<-0 
{for (j in (seq(l,nloci,by=4))) 
{part<-part+l 
AA<- (length (loci. sum [i, j : (j+3)] [loci.sumCi ,j : (j+3)]=2] ) ) 
Aa<-(length(loci ,sum[i ,j : (j+3)] [loci.sum[i , j : (j+3)]=l] ) ) 
if (AA==2) {ABA<-x} 
else if (AA==3) {ABA<-((3«x)+(x"2) )} 
else if (AA=4) {ABA<-((6*x)+(4»x"2)+(x-3) )} 
else {ABA<-0> 
gv.entry[i,part]<-((AA»1)+(Aa» 1)+ABA) }}» 
gv.entry<-apply(gv.entry,1,sum) 
} 
else if (code="tcp") 
n<-dim(entry) [1] 
ntcp<-dim(entry)[2] 
nloci<-dim(entry)[4] 
loci.sum<-apply(entry,c(l,2,4).sum) 
gv.entry<-array(0,c(n,ntcp,nloci/4)) 
{for (i in l:n) 
{for(j in 1:ntcp) 
{part<-0 
{for (k in (seq(l,nloci,by=4))) 
{part<-part+l 
AA<-(length(loci.sum[i,j,k:(k+3)] [loci.sumCi, j,k:(k+3)]=2] )) 
Aa<-(length(loci.sum[i, j,k:(k+3)] [loci.sum[i,j,k:(k+3)]=l])) 
if (AA--2) {ABA<-x> 
else if (AA==3) ABA<-{((3«x)+(x"2))> 
else if (AA==4) ABA<-{((6*x) +(4*x"2)+(x"3) )> 
else {ABA<-0} 
gv.entry[i,j,part]<- ((AA»l)+(Aa»l)+ABA) 
>»» 
gv.entry<-apply(gv.entry,c(l,2),sum) 
return(gv.entry ) 
model6<-function(entry,code) 
### Additive»Dominance Genetic Model ### 
x<—.495 
if (code='"pop") 
n<-dim(entry)[1] 
nloci<-dim(entry) [3] 
loci.sum<-apply(entry,c(1,3).sum) 
gv.entry<-matrix(0,n, nloci/4) 
{for (i in l:n) 
{part<-0 
{for (j in (seq(l,nloci,by=4))) 
{part<-par t+1 
AA<-(length(loci ,sum[i, j : (j+3)] [loci.sum[i, j :(j+3)]=2] ) ) 
Aa<-(length(loci .sumCi ,j : (j+3)] Cloci -sum[i, j :(j+3)]=l] ) ) 
if ( (AA=1 ) & (Aa=l ) ) {ABD<-x> 
else if (((AA==2)fc(Aa==l)) I ((AA=l)*(Aa=2)) ) {ABD<-((2»x)+(x~2))} 
else if (((AA==3)fc(Aa=l)) I ((AA=l)t(Aa=3)) ) {ABD<-((3*x)+(3*x~2)+(x~3))} 
else if ((AA==2)*(Aa=2) ) {ABD<-((4*x)+(6»x~2)+(4*x~3)+(x~4) ) } 
else {ABD<-0} 
gv.entry[i,part]<-((AA*l)+(Aa*l)+ABD) 
»}> 
gv.entry(-apply(gv.entry,1,sum) 
else if(code=="tcp") 
n<-dim(entry) [1] 
ntcp<-dim(entry)[2] 
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nloci<-dim(entry)[4] 
loci-sum<-apply(entry,c(l,2,4),sum) 
gv. entry<-array(0,c(n,ntcp,nloci/4)) 
{for (i in l:n) 
{for(j in 1:ntcp) 
{part<-0 
{for (k in (seq(l,nloci,by=4))) 
{part<-part+l 
AA<-(length(loci.sum[i, j.k:(k+3)] [loci.sum[i, j,k:(k+3)] =23)) 
Aa<-(length(loci.sum[i, j,k: (k+3)] [loci.sum[i, j,k: (k+3)]=l] ) ) 
if ((AA=l)*(Aa=l)) {ABD<-x> 
else if ( ( (AA=2)â (Aa=l) ) I ( (AA=1 )t(Aa=2) ) ) {ABD<- ( (2*x)+(x*2)  } 
else if (((AA=3)t(Aa==l) ) I ( (AA=l)fc(Aa=3) ) ) {ABD<-((3«x)+(3»x"2)+(x-3) )} 
else if ((AA=2)*(Aa=2)) {ABD<-((4»x)+(6*x-2)+(4*x-3)+(x*4) )} 
else {AB0<-O> 
gv.entry[i,j.part]<- ((AA»1)+(Aa»1)+ABD) }»» 
gv. entry<-apply(gv.entry,c(l,2),sum) 
return(gv. entry ) 
model7<-function(entry,code) 
### Dominance*Dominance Genetic Model ### 
x<-.488 
if (code="pop" ) 
n<-dim(entry)[1] 
nloci<-dim(entry)[3] 
loci.sum<-apply(entry,c(1,3) .sum) 
gv.entry<-matrix(0,n,nloci/4) 
{for (i in l:n) 
{part<-0 
{for (j in (seq(l.nloci ,by=4))) 
{part<-part+l 
AA<-(length(loci.sum[i, j : (j+3)] [loci.sum[i, j : (j+3)] =2] ) ) 
Aa<-(length(loci.sum[i, j : (j+3)] [loci .sum[i, j : (j+3)]=l] ) ) 
if (Aa=2) {DBD<-x> 
else if (Aa=3) {DBD<-((3»x)+(x"2) )> 
else if (Aa==4) {DBD<- ( (6*x)+(4«x"2)+(x*3) )} 
else {DBD<-0> 
gv.entry [i,part]<-( (AA*l)+(Aa*l)+DBD) 
»» 
gv. entry<-apply(gv.entry,1,sum) 
else if(code=="tcp") 
n<-dim(entry) [1] 
ntcp<-dim(entry)[2] 
nloci<-dim(entry)[4] 
loci,sum<-apply(entry,c(l,2,4),sum) 
gv. entry<-array(0,c(n,ntcp.nloci/4)) 
{for (i in l:n) 
{for(j in 1:ntcp) 
{part<-0 
{for (k in (seq(l.nloci,by=4))) 
{part<-part+l 
AA<-(length(loci.sum[i,j,k:(k+3)] [loci.sum[i,j,k:(k+3)] ==2] )) 
Aa<-(length(loci.sura[i,j,k:(k+3)] [loci.sum[i,j,k:(k+3)]==l] )) 
if (Aa=2) {DBD<-x> 
else if (Aa==3) DBD<-{((3«x)+(x*2))> 
else if (Aa=4) DBD<-{ ( (6*x)+(4*x"2)+(x~3) ) > 
else {DBD<-0> 
gv.entry[i,j,part]<- ((AA*1)+(Aa»l)+DBD) }»» 
gv.entry<-apply(gv.entry,c(l,2),sum) 
return(gv.entry) 
model8<-f unction(entry.code) 
### Additive*Additive and Additive'Dominance Genetic Model ### 
x<—.488 
y<-.495 
if (code= "pop" ) 
nC-dim(entry)[l] 
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nloci<-dim(entry)[3] 
loci. sum<-apply(entry,c(1„3).sum) 
gv. entry<-matrix(0„n,nloci/4) 
{for (i in l:n) 
{part<-0 
{for (j in (seq(l.nloci „by=4))) 
{part<—part+1 
AA<-(length(loci.sum[i. j : (j+3)] [loci -sum[i, j :(j+3)]=2] ) ) 
Aa<-(length(loci -sum[i, j : (j+3)] [loci.sum[i, j : ( j+3)]=l] ) ) 
if (part<=5) 
{if (AA=2) {epi<-x> 
else if (AA=3) {epi<-((3»x)+(x~2) )> 
else if (AA==4) {epi<-((6»x)+(4»x~2)+(x~3) )} 
else {epi<-0>> 
else 
{if ((AA=l)*(Aa=l)) {epi<-y> 
else if (((AA==2)*(Aa=l)) I ((AA=l)â(Aa=2) ) ) {epi<-( (2»y)+(y~2) )} 
else if ( ((AA=3)t(Aa=l) ) I ((AA==1 )t(Aa=3) ) ) {epi<-((3*y)+(3«y"2)+ (y"3)  > 
else if ((AA=2)*(Aa=2) ) {epi<-((4*y)+(6»y~2)+(4»y~3)+(y~4) )} 
else {epi<-0}> 
gv.entry[i.part]<-((AA»l)+(Aa»l)+epi) 
>}}> 
gv.entry<-apply(gv.entry,1,sum) 
} 
else if (code="tcp") 
n<-dim(entry)[l] 
ntcp<-dim(entry)[2] 
nloci<-dim(entry)[4] 
loci.sum<-apply (entry, c( 1,2,4) , sum) 
gv.entry<-array(0,c(n,ntcp,nloci/4)) 
{for (i in 1:n) 
{for(j in 1:ntcp) 
{part<-0 
{for (k in (seq(l,nloci,by=4))) 
{part<-part+l 
AA<-(length(loci.sum[i, j.k: (k+3)] [loci.sum[i, j.k: (k+3)] =2] )) 
Aa<-(length(loci-sum[i,j,k:(k+3)] [loci.sum[i, j,k:(k+3)]=l])) 
if (part<=5) 
{if (AA==2) {epi<-x> 
else if (AA=3) epi<-{((3*x)+(x"2))} 
else if (AA=4) epi<-{((6*x)+(4»x"2)+(x"3) )> 
else {epi<-0}> 
.else 
{if ( (AA=1 )t (Aa=l ) ) {epi<-y> 
else if (((AA=2)t(Aa=l) ) I ((AA=l)*(Aa=2))) {epi<-((2*y)+(y~2) )} 
else if ( ( (AA=3)t(Aa=l) ) I ( (AA=l)t(Aa=3) ) ) {epi<-((3*y)+(3*y-2)+(y*3)  } 
else if ((AA=2)*(Aa=2)) {epi<-((4*y)+(6*y"2)+(4*y"3)+(y"4) )> 
else {epi<-0>> 
gv.entry[i,j,part]<- C(AA*l)+(Aa»l)+epi) 
»»> 
gv.entry<-apply(gv.entry ,c(1,2),sum) 
return(gv.entry) 
model9<-f unction(entry,code) 
U99 Additive»Additive and Dominance*Dominance Genetic Model ### 
x<-.488 
if (code="pop" ) 
n<-dim(entry)[l] 
nloci<-dim(entry)[3] 
loci,sum<-apply(entry,c(l,3) .sum) 
gv.entry<-matrix(0,n,nloci/4) 
{for (i in 1:n) 
{part<-0 
{for (j in (seq(l,nloci ,by=4))) 
{part<-part+l 
AA<-(length(loci .sumCi ,j : (j+3)] [loci ,sum[i , j : (j+3)] =2] ) ) 
Aa<-(length(loci.sum[i, j :(j+3)] [loci.sum[i , j : (j+3)]=l] )) 
if (part<=5) 
{if (AA=2) {epi<-x> 
else if (AA=3) {epi<- ( (3«x)+(x~2) )} 
else if (AA=4) {epi<-((6»x)+(4*x"2)+(x"3))> 
else {epi<-0}} 
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else 
{if (Aa=2) {epi<-x} 
else if (Aa=3) {epi<-((3»x)+(x~2) )} 
else if (Aa=4) {epi<-( (6»x)+(4«x-2)+(x"3) )} 
else {epi<-0>> 
gv.entry[i,part]<-C(AA»1)+( Aa»1)+epi) }}» 
gv.entry<-apply(gv.entry,1,sum) 
} 
else if (code="tcp") 
n<-dim(entry) [1] 
ntcp<-dim(entry)[2] 
nloci<-dim(entry) [4] 
loci.sum<-apply(entry „c(l,2,4),sum) 
gv.entry<-array(0,c(n,ntcp,nloci/4)) 
{for (i in l:n) 
{for(j in 1:ntcp) 
{part<-0 
{for (k in (seq(l,nloci,by=4))) 
{part<-part+l 
AA<-(length(loci.sum[i, j,k:(k+3)] [loci.sumCi, j,k:(k+3)] =2] )) 
Aa<-(length(loci.sum [i,j ,k:(k+3)] [loci.sumCi, j,k:(k+3)] =1])) 
if (part<=5) 
{if (AA=2) {epi<-x> 
else if (AA=3) epi<-{((3*x)+(x"2) )} 
else if (AA=4) epi<-{((6*x)+(4*x-2)+(x~3) )} 
else {epi<-0}} 
else{ 
if (Aa=2) {epi<-x> 
else if (Aa=3) {epi<-((3*x)+(x"2) )} 
else if (Aa==4) {epi<-((6*x)+(4*x~2)+(x~3) )> 
else {epi<-0>> 
gv.entryCi, j ,part]<- ((AA»l)+(Aa*l)+epi) }}»} 
gv.entry<-apply(gv.entry ,c(1,2),sum) 
return(gv.entry) 
modellOC-function(entry.code) 
### Additive*Dominance and Dominance«Dominance Genetic Model ### 
x<—.488 
y<-.495 
if (code="pop" ) 
n<-dim(entry) Cl] 
nloci<-dim(entry) [3] 
loci.sum<-apply(entry,c(1,3) , sum) 
gv. entry<-matrix(0 ,n, nloci/4) 
{for (i in 1:n) 
{part<-0 
{for (j in (seq(l,nloci ,by=4)  ) 
{part<-part+l 
AA<-(length(loci .sum[i, j : (j+3)] [loci.sum[i, j : (j+3)] =2] ) ) 
Aa<-(length(loci.sum[i, j : (j+3)] [loci,sum[i, j : (j+3)]=l] ) ) 
if (part<=5) 
{if ((AA=l)fc(Aa=l) ) {epi<-y> 
else if (((AA=2)Jk(Aa=l)) I ((AA=l)t(Aa==2))) {epi<-((2*y)+(y~2))} 
else if (((AA=3)*(Aa=l))l((AA=l)*(Aa=3))) {epi<-((3»y)+(3»y"2)+(y-3))> 
else if ((AA=2)t(Aa=2)) {epi<-((4*y)+(6*y~2)+(4*y"3)+(y"4))} 
else {epi<-0}} 
else 
{if (Aa=2) {epi<-x> 
else if (Aa=3) {epi<-((3»x)+(x"2))> 
else if (Aa==4) {epi<-((6»x)+(4*x*2)+(x"3) ) > 
else {epi<-0}} 
gv.entry[i,part]<-((AA*l)+(Aa*l)+epi) 
»» 
gv.entry<-apply(gv.entry,1,sum) 
else if (code="tcp") 
n<-dim(entry)[1] 
ntcp<-dim(entry) [2] 
nloci<-dim(entry) [4] 
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loci.sum<-apply(entry,c(l,2,4).sum) 
gv.entry<-array(0,c(n,ntcp,nloci/4)) 
{for (i in l:n) 
{for(j in l:ntcp) 
{part<-0 
{for (k in (seq(l,nloci,by=4))) 
{part<-part+l 
AA<-(length(loci,sum[i, j,k:(k+3)] [loci.sumCi, j,k:(k+3)] =2] )) 
Aa<-(length (loci, sum Ci, j ,k: (k+3)] Cloci.sumCi,j,k:(k+3)]=l] ) ) 
if (part<=5) 
{if ((AA=l)*(Aa=l) ) {epi<-y} 
else if (((AA=2)i(Aa=l)) I ((AA=l)t(Aa=2))) {epi<-
((2»y)+(y~2))> 
else if (((AA=3)*(Aa=l)) I ((AA=l)*(Aa=3) ) ) {epi<-
((3»y)+(3«y-2)+(y-3))} 
else if ((AA==2)t(Aa=2)  {epi<-
((4*y)+(6»y"2)+(4»y™3)+(y~4))} 
else {epi<-0}} 
else 
{if (Aa=2) {epi<-x> 
else if (Aa==3) {epi<-((3»x)+(x"2))> 
else if (Aa=4) {epi<-((6«x)+(4«x*2)+(x"3))} 
else {epi<-0}> 
gv.entryCi, j ,part]<- ((AA»l)+(Aa*l)+epi) }}}}> 
gv.entry<-apply(gv.entry,c(l,2),sum) 
return(gv. entry) 
niodellK—function (entry, code) 
###Additive*Additive, Additive*Dominance, and Dominance*Dominance Genetic Model ### 
if (code="pop") 
n<-dim(entry)Cl] 
nloci<-dim(entry) C3] 
loci.sum<-apply(entry,c(l,3),sum) 
gv.entry<-matrix(0,n,nloci/4) 
{for (i in l:n) 
{part<-0 
{for (j in (seq(l,nloci,by=4))) 
{part<-part+l 
AA<-(length (loci. sum Ci, j : (j+3)] Cloci. sum Ci , j : (j+3)] =2] ) ) 
Aa<-(length(loci .sumCi ,j : (j+3)] Cloci.sumCi , j :(j+3)]=l] ) ) 
if (part<=5) 
{if (AA=2) {epi<-x> 
else if (AA=3) {epi<-((3*x)+(x~2) )} 
else if (AA=4) {epi<-((6«x)+(4*x*2)+(x~3))> 
else {epi<-0}} 
else if (Cpart>5)*(part<=8)) 
{if ( (AA==1 ) â(Aa=l ) ) {epi<-y} 
else if (((AA=2)t(Aa=l)) I ((AA=l)fc(Aa=2) ) ) {epi<-((2*y)+(y~2) )> 
else if (((AA==3)t(Aa=l) ) I ((AA==l)fc(Aa=3) )) {epi<-((3*y)+(3»y~2)+(y~3) )> 
else if ((AA=2)t(Aa=2)) {epi<-((4»y)+(6*y~2)+(4«y~3)+(y"4))> 
else {epi<-0>} 
else 
{if (Aa—2) {epi<-x} 
else if (Aa=3) {epi<-((3*x)+(x*2))} 
else if (Aa==4) {epi<-((6*x)+(4*x*2)+(x~3) )> 
else {epi<-0>} 
gv.entryCi,part]<-((AA*l)+(Aa*l)+epi) 
}>}> 
gv.entry<-apply(gv.entry,1,sum) 
> 
else if (code="tcp") 
{ 
n<-dim(entry)Cl] 
ntcp<-dim(entry)C2] 
nloci<-dim(entry)C4] 
loci-sum<-apply(entry,c(1,2,4),sum) 
gv.entry<-array(0,c(n,ntcp,nloci/4)) 
{for (i in l:n) 
{for(j in lrntcp) 
{parte—0 
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{for (k in (seq(l,nloci,by=4))) 
{part<-part+l 
AA<- (length (loci. sum [i,j, k : (k+3)] [loci. sum [ii, j, k : (k+3) ] =2] )) 
Aa<-(length(loci.sum[i,j,k:(k+3)] [loci.sum[:i „ j ,k: (k+3)]=l])) 
if (part<=5) 
{if (AA=2) {epi<-x> 
else if (AA=3) epi<-{((3»x)+(x"2))} 
else if (AA==4) epi<-{((6*x)+(4*x'2)+<x~3))> 
else {epi<-0>} 
else if ((part>5)t(part<=8)) 
{if ((AA=l)t(Aa=l)) {epi<-y} 
else if ( ((AA==2)t(Aa==l)  I ((AA==l)*(Aa==2) ) ) {epi<-((2*y)+(y"2) )} 
else if (((AA=3)t(Aa=l)  I ( (AA=1 )t(Aa=3) ) ) {epi<-( (3»y)+(3»y-2)+(y"3) )} 
else if ((AA==2)Jt(Aa=2)) {epi<-((4»y)-»(6*y-2)+(4*y"3) +(y"4) )} 
else {epi<-0}} 
else{ 
if (Aa=2) {epi<-x} 
else if (Aa=3) {epi<- ( (3*x)+(x~2)  } 
else if (Aa=4) {epi<-((6«x)+(4*x~2)+(*~3) )} 
else {epi<-0}> 
gv.entry[i,j,part]<- ((AA»1)+(Aa»l)+epi) }}»} 
gv.entry<-^ pply(gv.entry,c(1,2).sum) 
return(gv.entry) 
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APPENDIX B RESULTS OF SIMULATION STUDIES TO 
DETERMINE RELATIVE RESPONSE OF 20 CYCLES OF 
HALF-SIB AND FULL-SIB RECIPROCAL RECURRENT 
SELECTION FOR DIFFERENT COMBINATIOINS OF 
GENE FREQUENCIES, RECOMBINATION UNITS, AND 
GENETIC MODELS 
Table B.l Progress from reciprocal recurrent selection for additive genetic model and starting gene frequencies 
P/1 = 0.5, Pb = 0.5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci 
"a 
Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean AA aa Freq. Mean v'g AA aa Heterosis% 
Half-Sib 0 0.50 40,11 21.39 0.00 0.00 0.50 40.23 17.94 0.00 0.00 030 40730 14.12 0.00 0.00 -0.62 
1 0.55 44.22 15.77 0.00 0.00 0.55 44.16 14.45 0.00 0,00 0.55 43.92 13.04 0.00 0.00 -1.79 
2 0.60 47.95 17.80 0.00 0.00 0.59 46.92 17.39 0.33 0.00 0.59 47.55 12.86 0.00 0,00 -2.04 
3 0.66 52.47 15.70 0.67 0.00 0,63 50.34 12.26 1.33 0.00 0.64 51.43 12.21 0.00 0.00 -3.55 
4 0.70 56.05 12.78 3.33 0.33 0.64 51.59 8.62 3.00 0.00 0,67 53.71 9.03 0.67 0.00 -5.35 
5 0.74 59.13 6.60 7.00 0.67 0.67 53.48 9.08 5.67 0.33 0.70 56.23 6.75 1.67 0.00 -5,00 
6 0.76 61.11 8.46 11.33 0.67 0.69 55.34 9.53 8.67 0.33 0.73 58.27 7.29 2.67 0.00 -4,34 
7 0.80 64.00 9.14 14.00 0.67 0.71 57.15 9.95 10.33 1.00 0,76 60.66 7.60 3.33 0.00 -5.41 
8 0.82 65.82 6.25 17.67 0.67 0.74 59.34 8.95 14.00 1.67 0.78 62.44 5.43 7.33 0.00 -5.61 
9 0.84 67.25 5.76 20.67 0.67 0.76 60.48 5,82 17.33 2.00 0,80 63.95 4.36 9.67 0.00 -4.81 
10 0,85 68.15 4.66 22.33 0.67 0,77 61.66 3,63 20,33 2.00 0,81 64.90 3.52 11.67 0.00 -5.36 
11 0.88 70.05 4,57 24.00 0.67 0.78 62.40 3.30 21.33 2.33 0.83 66,18 3,76 13.33 0,00 -5.41 
12 0.90 71.78 3.79 27.00 1.00 0.80 63.62 4.88 22.00 2.33 0.85 67,73 3.51 14.67 0.00 -5.37 
13 0.91 72,56 2.37 29.33 1.00 0,81 64.73 5,28 23,00 2.33 0.86 68,67 3.03 16.33 0.00 -5.16 
14 0.92 73.45 1.58 30.33 1.00 0.83 66.40 3.07 25.33 2.33 0.87 69.94 2,14 18,33 0.00 -4.57 
15 0.92 73.83 1.54 31.33 1.33 0.84 67.53 2,50 26,33 2.67 0.88 70.58 1.58 19,67 0.00 -4.56 
16 0.93 74,41 1.35 32.33 1.33 0.85 67.78 2.50 27.33 3.33 0.89 71.16 1.50 21.00 0.00 -4,17 
17 0.93 74.38 1.86 32.67 1.33 0.86 68.56 2.59 28.33 3.33 0.89 71.44 1.69 22.33 0,00 -3.89 
18 0.94 75.16 1.70 33.67 1.33 0.87 69.46 2.32 30.00 3.33 0.90 72.40 1.36 24,67 0.00 -3.54 
19 0.94 75.57 0.69 35.00 1.33 0.88 70.05 2.02 30.67 3.33 0.91 72,81 1,09 26.00 0.00 -3,53 
20 0,95 76.02 0.66 36.00 1.33 0.89 70.89 2.28 30.67 3.33 0.92 73.49 1.00 27.00 0,00 -3.28 
Full-Sib 0 0.50 40.11 21.39 0.00 0.00 0,50 40.23 17.94 0.00 0.00 0.50 40.30 14.12 0.00 0.00 -0.62 
1 0.56 44.77 16.05 0.00 0.00 0.56 44.44 12,96 0.00 0.00 0.56 44,42 10,84 0,00 0.00 -1,26 
2 0.59 47.10 11.93 0.67 0.00 0.59 46.97 9.46 0.67 0.00 0.59 47.12 8.91 0.00 0.00 -3,32 
3 0.62 49.66 10.00 2,67 0.67 0.63 50.00 11.23 2.67 0.00 0,62 49.77 9.01 0.33 0.00 -3,64 
4 0.65 51.93 8,46 4.67 1.00 0.66 52.60 11.34 4.33 0.00 0.65 52.23 8,93 0.67 0.00 -2.74 
5 0.67 53.55 8.67 6.67 1.33 0.69 55.14 8.84 6.67 0.33 0.68 54.28 7.36 1,33 0.00 -3.08 
6 0.70 56.02 8.01 9.33 1.33 0.72 57.99 11.97 9.33 0.33 0.71 57.12 8.20 1.67 0.00 -1.42 
7 0,72 57.67 10,01 11.00 1.33 0.75 60,11 10.39 12.00 1,00 0.74 58.88 6.62 2.00 0.00 -2,28 
8 0,73 58.72 6.61 13.00 1.67 0.78 62.31 6.64 16.00 1.00 0.76 60.63 5.19 3.33 0.00 -2.58 
9 0.76 61.05 4.73 16.67 1.67 0.79 63.35 5.78 19.33 1.67 0,78 62,22 4,04 7.00 0.00 -2,66 
10 0.77 62.00 4.98 19.33 2.00 0.82 65.38 4.45 21.00 1.67 0.80 63,61 3.70 9.33 0.00 -3.44 
11 0.79 63.49 5.12 20.67 2.33 0.84 66.94 4.53 22.67 1.67 0.81 65.19 4.15 10.67 0.00 -3.56 
12 0.81 64,86 5.44 22.00 2.33 0.84 67.58 4,40 23.67 1.67 0,83 66.29 3.55 12.67 0.00 -3.16 
13 0.83 66.75 4.82 24.33 2.67 0.86 68,65 2.64 25.67 1.67 0.85 67.77 2.79 15.00 0.00 -2,37 
14 0.85 67.72 4.81 25.67 2.67 0.88 70.03 2.40 26.67 1.67 0.86 68.77 2.68 16.33 0.00 -3.07 
15 0.87 69.50 2.50 27.67 2.67 0.87 69.92 2.88 27.33 1.67 0,87 69,61 2.13 18,33 0.00 -2.75 
16 0.88 70.42 2.24 29.00 2.67 0.88 70.16 3.17 29.33 1.67 0.88 70.29 2.04 21.00 0.00 -2,63 
17 0.88 70.71 1.87 30.33 2.67 0.89 71.19 1.99 29.67 1.67 0.89 70.94 1.60 22.33 0.00 -2.81 
18 0.89 71.10 1.60 32.00 2.67 0.90 71.71 1.69 31.00 1.67 0.89 71.38 1,25 25,00 0.00 -2.62 
19 0.89 71.38 1.91 32.33 2.67 0.90 72.02 1.75 32.00 1.67 0,90 71,66 1.52 26.00 0.00 -2.98 
20 0.90 71.96 1.91 32,67 2.67 0.90 72.19 1.78 32.67 1.67 0.90 72,01 1.46 26.00 0.00 -2.67 
Table B.2 Progress from reciprocal recurrent selection for additive genetic model, additional generation of selfing, 
and starting gene frequencies P/j = 0.5, PB = 0.5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean <*1 AA aa Freq. Mean AG AA aa Freq. Mean "G AA aa Heterosis% 
Half-Sib 0 0.49 39.59 19.59 0.00 0.00 0.51 40.55 20,15 0.00 0.00 0.50 40.02 15,58 0.00 0.00 -1,31 
1 0.57 45.71 10.69 0.00 0.00 0.57 45.96 14.78 0.00 0.00 0.57 45.72 11.78 0.00 0.00 -1.95 
2 0,60 48.31 10.31 0.00 0.00 0.64 51.52 10.01 0.00 0.00 0.63 50.03 9.23 0.00 0.00 -3,41 
3 0.65 51.79 8.68 1.00 0.00 0.68 54.63 9.78 2.00 0.00 0.66 52.96 9.92 0.00 0.00 -3.45 
4 0.67 53.77 12.12 3.33 0.00 0.72 57.68 7.55 5.00 0.33 0.70 55.72 7.93 0.67 0.00 -3.39 
5 0.72 57.35 10.36 6.33 0.33 0.75 60.21 7.25 10.33 0.33 0.73 58.77 7.29 2.00 0.00 -3.06 
6 0.76 61,01 8.16 13.33 0.33 0.79 62.86 6.40 13.67 0.67 0.77 61.98 5.28 6,00 0.00 -2.19 
7 0.80 64.20 7.32 16.33 0,67 0.81 64.51 3.76 17.67 0.67 0.81 64.43 4.71 7,33 0.00 -0.84 
8 0.83 66.56 7.04 18.00 0,67 0.83 66.72 3.87 21.00 0.67 0.83 66.44 3.80 10.67 0.00 -1.67 
9 0.85 68.05 4.33 23.67 0,67 0.86 68.42 3.36 23.33 0.67 0.85 68.17 3.36 15.33 0.00 -1.53 
10 0.87 69.60 2.31 25.67 0,67 0.88 70.47 5.44 25.33 0.67 0.87 69.95 2.99 17.33 0.00 -1.74 
11 0.88 70.72 2,62 27.67 0,67 0.90 71.61 6.03 27.67 0.67 0.89 71.09 3.38 20.33 0.00 -1.76 
12 0.89 71.33 1.69 28,67 0.67 0.91 73.07 2,53 30.00 0.67 0.90 72.14 1,82 22.33 0.00 -1.67 
13 0.90 72.05 2.33 29.33 0.67 0.93 74.18 2.03 31.00 0.67 0.91 73.15 2.10 23.00 0.00 -1.82 
14 0.91 72.82 2,31 31.00 0.67 0.93 74.56 2.23 31.33 0.67 0.92 73.67 1.93 24.33 0.00 -1.88 
15 0.92 73.30 1.90 33.33 1,00 0.94 75.24 1.78 33.33 0.67 0.93 74.24 1.38 27,33 0.00 -1.68 
16 0,93 74.11 1.48 33.67 1.00 0.96 76.42 1.09 35.00 0.67 0.94 75.23 1.04 29.33 0.00 -2,06 
17 0.94 75.18 1.59 34.67 1.00 0.96 76.82 1.38 35.67 0.67 0.95 75.99 1.26 30.67 0.00 -1.88 
18 0.94 75.38 1.02 34.67 1,00 0.96 76.74 1.14 35.67 0.67 0.95 76.05 0.89 30.67 0.00 -1,94 
19 0.95 76.04 1.05 34.67 1.00 0.97 77.29 0.64 36.67 0.67 0.96 76.65 0.80 31.67 0,00 -1.54 
20 0.96 76.56 1.02 35.33 1.00 0.97 77.52 0.64 37.00 0.67 0.96 77.06 0.63 32.67 0.00 -1.59 
Full-Sib 0 0.49 39.59 19.59 0.00 0.00 0.51 40.55 20.15 0.00 0.00 0.50 40.02 15.58 0.00 0.00 -1.31 
1 0.55 43,86 16.47 0.33 0.00 0.56 44.95 15.65 0.00 0.00 0.55 44.36 12.99 0.00 0,00 -1.32 
2 0.60 48.15 13.05 1.33 0.33 0.63 50.01 11.11 0.67 0.00 0.61 49.07 10.86 0.00 0.00 -1.87 
3 0.64 50.82 11.48 3,33 0.33 0.67 53.33 9.63 3.33 0.00 0.65 52.13 9.72 0.67 0.00 -2.21 
4 0.68 54.18 8.89 6.67 0.67 0.71 56,69 8,78 6.00 0.33 0.70 55.60 7.76 1.67 0.00 -1.91 
5 0.72 57.27 7.50 10.67 0,67 0.74 59.06 6.80 10.00 0.33 0.73 58.13 6.21 3.00 0.00 -2.62 
6 0.75 59.72 5.85 14.33 1.33 0.77 61.30 6.80 13.67 0.67 0.75 60.36 5.59 4.67 0,00 -3.00 
7 0.77 61.50 5.96 17.00 1.33 0.80 63.92 6.30 16.33 1.00 0.78 62.77 5.31 6.33 0,00 -3,38 
8 0.80 64.39 5.13 20,67 1.33 0.83 66.05 4.69 20.33 1.00 0.82 65,29 4.17 10.67 0,00 -2.59 
9 0.82 65.99 4.46 24.67 2.00 0.85 67.77 3.39 22.33 1.33 0.84 66.82 3.72 13.33 0.00 -1.93 
10 0.84 67.52 4.42 25.33 2.67 0.87 69.28 2.90 25.00 1.33 0.86 68.44 3.01 14.67 0.00 -1.28 
11 0.86 68.85 2.50 27.33 2.67 0.88 70.39 3.48 26.33 1.67 0.87 69.63 2.08 16.67 0.00 -1.39 
12 0.87 69.81 2.06 28.67 2.67 0.91 72.59 1.92 29.67 1.67 0.89 71.24 1.93 19.67 0.00 -2,23 
13 0.88 70.63 2.43 30.67 2.67 0.91 73.11 2.08 31.00 2.00 0.90 71.90 1.74 22.67 0.00 -2,36 
14 0.90 71.93 1.00 32.33 2.67 0.92 73.65 1.58 32.00 2.00 0.91 72.83 0.99 25.00 0.00 -1.33 
15 0.90 72.31 1.31 33.00 2.67 0.93 74.19 1.09 33.00 2.00 0.92 73,22 0.96 26.67 0.00 -1,29 
16 0.91 72.88 0.66 33.67 2.67 0.93 74.34 1.19 33.33 2.00 0,92 73,63 0.85 27.33 0.00 -0.95 
17 0.91 72.77 0.62 34.00 2.67 0.93 74,62 0,62 34.00 2.00 0.92 73.68 0.57 28.33 0.00 -1.38 
18 0.91 73.00 0.54 35.00 2.67 0.94 74.89 0.65 34,67 2.00 0.92 73,97 0.51 30,00 0.00 -1.25 
19 0.92 73.31 0.75 35.33 2.67 0.94 74,99 0.60 34.67 2.00 0.93 74.15 0.55 30,33 0,00 -1.10 
20 0.92 73.53 0.49 35,33 2.67 0.94 75.57 0.32 36.00 2.00 0.93 74,55 0.36 31,67 0,00 -1.33 
Table B.3 Progress from reciprocal recurrent; selection for additive genetic model and starting gene frequencies 
Pa = 0.75, PB = 0.25. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean O'G AA aa Freq. Mean °G AA aa Freq. Mean AA aa Hetcrosis% 
Half-Sib 0 0.75 60.06 15.92 0.00 0.00 0.25 20.32 14.90 0.00 0.00 0.50 40.34 11.30 0.00 0.00 -32,83 
1 0.80 63.77 12.87 0.67 0.00 0.29 23.25 13.14 0.00 0.00 0.54 43.46 10.24 0.00 0.00 -31,82 
2 0.83 66.57 6.57 4.67 0.00 0,32 25.94 11.46 0.00 1.33 0.58 46.25 7.25 0.00 0.00 -30.51 
3 0.84 67.21 7.60 11.00 0.00 0,37 29.24 11,17 0.33 3.00 0.60 48.22 7.57 0.00 0.00 -28,22 
4 0,86 68.92 5.30 14.67 0.00 0,38 30.01 12,15 0.33 5.00 0.62 49.56 6.30 0.00 0,00 -28,10 
5 0.88 70.25 5.02 20.00 0.00 0,40 32,31 6.52 2.00 6.33 0.64 51,32 5.61 1.33 0.00 -26.97 
6 0.90 72.06 4.59 23.67 0.00 0.42 33.50 8.77 3.33 8.33 0.66 52.72 4.75 2,33 0.00 -26.88 
7 0.91 72.95 4.22 26.33 0.00 0.44 34.95 6,97 5.33 9,33 0.67 53,95 4.52 4,00 0.00 -26.07 
8 0.92 73.28 3.51 28.00 0.00 0.47 37.46 8.68 6.33 10.67 0.69 55.35 4.78 4.33 0.00 -24.51 
9 0.92 73.62 2.35 30.33 0.00 0,49 39.40 7.16 9.00 11.00 0.71 56,46 3.96 6.33 0.00 -23.34 
10 0.92 73.84 1.73 31.33 0.67 0.51 40.73 6.68 10.00 11.67 0.72 57.32 3.53 7.00 0.00 -22.40 
11 0.93 74.24 1.42 33.00 1,00 0,53 42.36 9.28 11.00 11.67 0.73 58.40 3.55 8.67 0.33 -21.35 
12 0.93 74.58 1.42 34.33 1.00 0.55 44.22 5.70 13.00 12.00 0.74 59.32 2.45 10.67 0.33 -20.48 
13 0.93 74.72 1.49 34.67 1.00 0.56 44.86 5.93 14.00 12.00 0.75 59.81 2.97 11.33 0,33 -19.97 
14 0.93 74.79 1.09 35.00 1.00 0,58 46.02 5.27 14.67 12.00 0.75 60.38 2.39 12.33 0,33 -19.29 
15 0.94 74.97 1.32 35.67 1.00 0.59 47.30 3.45 16.00 12.00 0.76 61,15 1.72 14.00 0.33 -18.47 
16 0.94 75,45 1.00 35.67 1.00 0.60 48,09 2.95 17.00 12.33 0.77 61.79 1.63 14.67 0.33 -18.14 
17 0.95 75.69 1.12 36.00 1.00 0.61 48.59 2.52 17.67 12,33 0.78 62,13 1,58 15.33 0.33 -17.95 
18 0.95 75.98 0.55 36.00 1.33 0,61 49.11 2.01 19.33 12.33 0.78 62,60 1,25 16.67 0.33 -17.64 
19 0.95 75,71 0.68 36.33 1.33 0.62 49.45 2.41 19.67 12.33 0.78 62.54 1.18 17.00 0.33 -17.43 
20 0.95 75.69 0.66 36,67 1.33 0.62 49.74 1.53 20.00 12.33 0.78 62.77 1.00 17.67 0.33 -17.12 
Full-Sib 0 0.75 60.06 15.92 0.00 U.UO 0.25 20.32 14.90 0.00 0.00 0.50 40.34 11.39 0.00 0.00 -32.83 
1 0.80 63.90 9.93 0,67 0.00 0.30 23.61 10.35 0.00 0.00 0.55 43.77 9.34 0.00 0.00 -31.49 
2 0.83 66.02 8.73 3.33 0.00 0.32 25.59 13.19 0.00 0.67 0.57 45,76 9.42 0.00 0.00 -30,68 
3 0.86 68.88 5.23 8.00 0.00 0.36 28.75 10.49 0.00 2.00 0.61 48.92 6.21 0.00 0.00 -28.99 
4 0.88 70.48 6.21 14.00 0.00 0,40 32.02 11.22 0,00 4.67 0,64 51,25 6.91 0.00 0.00 -27.27 
5 0.90 72.04 4.79 17.67 0.00 0.43 34,67 9.12 1.33 7.00 0.67 53.55 5.76 0.33 0.00 -25.67 
6 0.90 72.27 4.37 22.67 0.00 0,46 37.15 8.05 1,67 7.67 0.68 54.69 4.68 1.00 0.00 -24.33 
7 0.91 73.15 3.58 24.33 0.00 0.50 39,77 7.77 4.33 8.67 0.70 56.37 5.12 2.67 0.00 -22.94 
8 0.93 74,21 3.14 27.00 0,00 0.51 41.06 9.98 6.33 9,33 0.72 57.61 4.93 4.33 0,00 -22.39 
9 0.93 74.62 2.96 28.00 0.00 0.54 43.07 8.11 8.00 9.67 0,74 58.86 3,89 6.00 0,00 -21.13 
10 0.94 75.06 3.72 29.33 0.00 0.56 44.57 6.04 10.33 10.00 0.75 59.98 3.04 8.00 0.00 -20.10 
11 0.94 75.55 2.83 31.33 0.00 0.56 45.14 8.10 12.67 10.00 0.75 60.31 3.69 10.00 0.00 -20.18 
12 0.95 75.91 2.45 31.67 0.00 0.57 45.99 6.88 13.00 10.67 0.76 60.93 3.53 10.00 0.00 -19,74 
13 0,96 76.47 2.10 31.67 0.00 0.59 46.87 6.30 14,67 11.67 0.77 61,70 3.09 11.00 0.00 -19,33 
14 0.95 76.37 2.19 33.00 0.00 0.59 47.55 3.72 17.00 11.67 0.78 62,00 2.40 13.33 0.00 -18,83 
15 0.96 77.12 1.78 34.00 0.00 0.61 49.05 3.04 19.00 11.67 0.79 63,05 1.83 15.67 0.00 -18,26 
16 0,97 77.60 1.53 35.00 0.00 0.62 49.42 3,06 20,00 12.00 0.79 63,50 1.90 17.33 0.00 -18,19 
17 0.98 78.12 0.71 35.33 0.00 0,62 49.46 2.43 20.33 12.00 0.80 63.79 1.26 18.00 0.00 -18.34 
18 0.98 78.47 0.58 36.33 0.00 0.62 49.86 3.11 21.00 12.00 0,80 64.15 1.40 19.00 0,00 -18,26 
19 0.98 78,76 0.64 36.67 0.00 0.63 50.68 1.85 21.67 12.00 0,81 64.66 1.02 19.67 0.00 -17.90 
20 0.99 78.91 0.54 38.33 0.00 0.64 51.02 1.52 22.00 12.00 0,81 65,01 0.84 21,00 0.00 -17.62 
Table B.4 Progress from reciprocal recurrent selection for additive genetic model, additional generation of selfing, 
and starting gene frequencies P,t = 0.75, PB = 0.25. 
R.R.S Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean <4 AA aa Freq. Mean "G AA aa Freq. Mean AA aa Hetorosis% 
Half-Sib 0 0.74 59.49 14.06 0.00 0.00 0.25 19.99 13.63 0.00 0.00 0.50 39.79 O
 
CJi
 
CD
 
0.00 0.00 -33.12 
1 0.81 64.51 10.82 3.00 0.00 0.30 24.36 7.51 0.00 0.00 0.56 44.50 7.57 0.00 0.00 -31.03 
2 0.86 68.63 6.39 10.00 0.00 0.34 26.82 12.05 0,00 0.67 0.60 47.68 7.82 0.00 0.00 -30.53 
3 0.89 71.31 4.80 18.67 0.00 0.39 31.41 8.98 0.00 3.00 0.64 51,41 6,44 0.00 0.00 -27.90 
4 0.91 72.87 5.03 23.00 0.00 0.44 35.05 10.21 0,33 3,67 0.67 53,99 6.08 0.00 0.00 -25.89 
S 0.93 74.48 2.71 27.33 0.00 0.47 37.51 7.46 0.67 4.33 0.70 55,93 5,26 0.33 0.00 -24.89 
6 0.95 75.83 2.37 30.00 0.00 0,51 40.94 6.89 2,00 5.67 0.73 58.34 4,07 1.00 0.00 -23.06 
7 0.96 76.93 1.61 32.33 0.00 0.56 44,81 8.58 5.00 7.00 0.76 60.88 4,80 3.00 0.00 -20.85 
8 0.96 77.10 1.35 33.67 0.00 0,60 47.98 8.80 7.67 7.33 0.78 62.44 4.20 6.00 0.00 -18.98 
9 0.98 78.15 1.06 34.33 0.00 0.63 50.77 3.85 12.67 7.67 0.81 64.43 2.17 10.33 0.00 -17.56 
10 0.99 78.87 0.83 36.33 0.00 0.67 53.21 4.26 15.67 7,67 0.82 65.99 2.04 14.00 0.00 -16.33 
11 0.99 79.14 0.45 37.67 0.00 0.69 55.56 4.00 19.00 7.67 0.84 67.31 1.84 17.67 0.00 -14.95 
12 0.99 79.21 0.51 38.33 0.00 0.72 57.28 2.62 21.67 8.00 0.85 68.27 1.27 20.33 0.00 -13.81 
13 0.99 79.51 0.44 38,67 0.00 0.73 58.21 2.26 23.00 8.00 0.86 68.86 1.20 21.67 0.00 -13.39 
14 0.99 79.58 0.35 38.67 0.00 0.74 59.00 1.89 25.00 8.00 0.87 69.28 0.96 23.67 0.00 -12.93 
15 1.00 79.73 0,22 39,00 0.00 0.75 60.05 1.53 26,67 8,00 0.87 69.86 0.78 25.67 0.00 -12.37 
If) 1.00 79.84 0.11 39.67 0.00 0.76 60.78 1.02 27.33 8.00 0.88 70.31 0.50 27.00 0.00 -11.92 
17 1.00 79.82 0.12 39.67 0.00 0.77 61.27 1.16 28,00 8.00 0.88 70.56 0.54 27.67 0.00 -11.58 
18 1.00 79.82 0.12 39.67 0.00 0.77 61.78 1.01 29.00 8.00 0.88 70.78 0.43 28.67 0.00 -11.31 
19 1.00 79.84 0.12 39.67 0,00 0.77 61.95 0.64 29.33 8.00 0.89 70,89 0,33 29.00 0.00 -11.19 
20 1.00 79.96 0.03 39.67 0.00 0.78 62.18 0.86 29.33 8.00 0.89 71,09 0.31 29.00 0,00 -11.10 
Full-Sib 0 0.74 59.49 14.06 0.00 0.00 0,25 19.99 13.63 0.00 0.00 0.50 39,79 10.59 0.00 0.00 -33,12 
1 0.80 63.72 7.48 3.33 0.00 0.30 24.17 12.89 0.00 0.33 0.55 44,00 9,46 0.00 0.00 -30.98 
2 0.81 65.02 6.26 7.67 0.00 0.36 28.62 9.39 0.00 2,00 0.58 46.73 7.66 0.00 0.00 -28,15 
3 0.86 68.44 6.74 14.33 0.00 0.40 32.02 12.01 0.00 2,67 0.63 50.12 7.53 0.00 0.00 -26.79 
4 0.89 70.83 5.37 18.00 0.00 0.46 36.87 6.68 0.67 3,33 0.67 53.80 6.14 0.00 0,00 -24.03 
5 0.91 73.01 4.43 22.33 0.00 0.47 37.82 5.64 1.00 4.33 0.69 55.45 4.41 0.67 0,00 -24.06 
6 0.94 75,40 2.89 27.67 0.00 0.51 40.68 8.10 2.67 4.67 0.73 58.11 4.69 2.33 0,00 -22.93 
7 0.95 76.24 1.72 31.33 0.00 0.56 44.49 9.36 5.33 5.00 0.76 60.43 4,47 5.33 0,00 -20,72 
8 0.96 76.72 1.52 33.00 0.00 0,59 47.59 6.23 8.33 5.67 0.77 61.99 3,57 8,00 0.00 -19.19 
9 0.96 76.54 1.20 34.33 0.33 0,62 49.42 5.20 11.00 6.67 0.79 63.04 2.75 10.00 0.00 -17.61 
10 0.96 77.12 1.19 34.67 0.33 0.65 52.01 5.32 15.00 7.33 0.81 64.61 2.59 13.33 0,00 -16.20 
11 0.97 77.61 0.75 36.33 0.33 0.67 53.84 4.29 18.33 8.67 0.82 65.78 2.21 16.33 0.33 -15,23 
12 0.97 77.90 0.83 36.67 0.33 0.69 55.03 3.42 19.33 9.00 0.83 66.44 1.56 17.67 0.33 14.70 
13 0.98 78.04 0,63 37.67 0.33 0.71 56,47 2.26 22.33 9.00 0.84 67.18 1.10 21.00 0.33 -13.89 
14 0.98 78.32 0.58 38.33 0.33 0.71 57.02 1.74 23.33 9.00 0.85 67.69 0.94 22.00 0.33 -13.55 
15 0.98 78.47 0.50 38.33 0.33 0.72 57.89 1.89 26.00 9.33 0,85 68.21 0,99 24.67 0.33 -13.06 
16 0.98 78.65 0.40 38.67 0.33 0.73 58.33 1.42 26.33 9.33 0.86 68,52 0.77 25.33 0.33 -12.86 
17 0.99 79.08 0.16 39.00 0.33 0.74 58.83 0.84 26.67 9.33 0,86 68.97 0.52 26.00 0.33 -12.76 
18 0.99 79.18 0.10 39.33 0.33 0.75 59.61 0,74 27.67 9.33 0.87 69.39 0.39 27.33 0.33 -12.35 
19 0.99 79.28 0.05 39.33 0.33 0.75 59.70 0.87 28.00 9.33 0.87 69.47 0.38 27.67 0,33 -12.36 
20 0.99 79.33 0.00 39.67 0.33 0.75 60.04 0.90 28.33 9.33 0.87 69.66 0.33 28.33 0.33 -12.17 
Table B.5 Progress from reciprocal recurrent selection for partial dominance genetic model and starting gene 
frequencies P4 = 0.5, PB = 0.5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean <4 AA aa Freq. Mean «G AA aa Heterosis% 
Half-Sib Û 0.50 49.78 '23.44 0.00 0.00 0.51 50.48 '21.30 0,00 0.00 0.50 49.93 17.34 0.00 0.00 -1.11 
1 0.56 54.97 16.72 0.00 0.00 0.56 54.43 17.42 0.00 0.00 0.56 54,67 12.62 0,00 0,00 -1.97 
2 0.61 57.95 12.86 0.33 0.00 0.59 56.12 14.34 0.00 0.00 0.60 57.33 9.68 0.00 0.00 -1.69 
3 0.64 59.33 11.93 1.33 0.00 0.61 57.55 16.35 1.33 0.00 0,63 59,18 9.88 0,00 0.00 -0.27 
4 0,67 60.92 13.05 3.00 0,00 0.64 58.75 10.85 2.67 0.00 0.66 61.29 8.38 0.33 0.00 -0.05 
5 0.70 62.60 9.84 6.33 0.33 0.67 60.36 9.89 4.00 0.00 0,68 63.44 6,42 0.33 0.00 1.38 
6 0,72 63.61 12.11 9.00 0.33 0,68 60.49 7.80 7.67 0.00 0.70 64.63 6.59 2.00 0.00 1.67 
7 0.76 65.57 8.92 12.00 0.67 0.69 60.40 9.23 9.67 1.33 0.73 66.69 5.20 2.33 0.00 1.87 
8 0.76 65.40 7.16 13,33 1.33 0.70 61.35 7.81 10.67 1.33 0.73 67.14 4.74 3.00 0.00 2.91 
9 0.78 66.10 5.20 16.00 1.33 0,73 63.11 8.00 12.33 2.33 0.76 68.58 3.55 4.67 0.00 3.89 
10 0.78 66.54 5,42 17.67 1.33 0.75 63.74 7.18 15.67 2.33 0.76 69.20 2,75 5.67 0.00 3.87 
11 0,79 67.14 5,40 20.00 1.33 0.75 64,12 7.76 17.00 2.33 0.77 69,91 2.46 6.67 0.00 4.31 
12 0.79 66.91 4.88 21.67 1.67 0.77 65.00 5.21 19.00 2.33 0.78 70.61 1,86 8.00 0.00 5.15 
13 0.80 67.38 4.43 22.33 1.67 0.78 65.83 4.78 19.67 2.67 0.79 71.07 1.65 8.67 0.00 4.58 
14 0,80 67.46 4.11 22.67 1.67 0.79 66.39 4,19 21.33 2.67 0.80 71.44 1.63 9.33 0.00 5.29 
15 0.81 67.48 4.04 23,67 1.67 0.80 66,94 4.76 23.00 2.67 0.80 71.81 1.45 11.00 0.00 5.19 
16 0,81 67,48 3.92 24.33 1.67 0.82 68,03 2,95 25.00 3.00 0.82 72.42 1,02 12.00 0.00 5.39 
17 0.83 68.38 4,16 24,67 1,67 0.84 68.87 2,60 27.33 3.00 0.83 73.22 0.69 14.00 0.00 5,50 
18 0.83 68.68 3,53 26.67 2.33 0.85 69.44 2.86 28.33 3.00 0.84 73.59 0.79 15,67 0.00 5.20 
19 0.84 69.18 4.40 27.67 2.33 0.86 69.95 2,30 28.67 3.00 0.85 73.91 0.67 16.67 0.00 4.93 
20 0.85 69.68 4.32 28.67 2,33 0.86 70.32 2.77 30.00 3.00 0.86 74.21 0.76 19.00 0.00 4.87 
Pull-Sib 0 0.50 49.78 '23.44 0.00 0.00 0.51 50.48 '21.30 0.00 0,00 0.50 49,93 17.34 0.00 0.00 -1.11 
1 0.53 52.51 20.28 0.00 0.00 0.56 54.39 16.09 0.00 0.00 0.54 53,44 12,89 0.00 0.00 -1.75 
2 0.58 55.18 15.75 0.33 0.00 0.60 56.75 13.55 0.33 0.00 0.58 56.49 11.89 0.00 0.00 -0.45 
3 0.60 56.08 13.89 2.00 0.00 0.64 58.99 12.67 2.00 0,00 0.62 59.18 9,41 0.00 0.00 0.31 
4 0.63 57.19 12.06 4.33 0.67 0.69 61.70 12.90 5.33 0.00 0.66 61,76 8.03 0.00 0,00 0.12 
5 0.65 58.35 9.60 5.33 1.00 0.71 63,18 10.97 8.00 0.00 0.68 63,77 6,34 0.67 0.00 0.94 
6 0.65 58.08 8.01 7.33 1.00 0.73 63.84 8.17 11.67 0.00 0.69 64,67 4.74 1.67 0.00 1.30 
7 0.68 59.04 7,12 9.67 1.00 0.75 65.24 6.03 13.33 1.00 0.72 66,47 4,81 2.67 0.00 1.90 
8 0.68 59.20 8.00 11.00 2.00 0.77 66.25 5.29 14.33 1.33 0.73 67.58 3.41 3.33 0.00 2.02 
9 0.69 59.41 4.99 14,33 2.33 0.77 65.89 6.20 16.00 1.33 0.73 67.76 3.56 4,00 0.00 2.84 
10 0.71 60.08 7.15 16,67 2.67 0.78 66.33 4.85 18.00 1.67 0.75 68.84 2.51 5,33 0.00 3.82 
11 0.72 61.01 5.64 17.00 3.67 0.80 67.27 4.69 20.33 2.00 0.76 69.71 2.02 6.00 0.00 3.66 
12 0.74 61.79 5.11 20.67 4.00 0.80 67.10 4.16 21.33 2.00 0.77 70.20 1.69 9.00 0.00 4.62 
13 0.74 61.90 6.40 22.00 4.67 0.81 67.17 4.13 23.00 2.00 0.77 70.38 1.69 9.67 0.00 4.79 
14 0.76 62.96 3.77 22.67 4.67 0.81 67.42 5.38 25.00 2.00 0.78 70.85 1.45 11.67 0.00 5,12 
15 0.76 63.30 3.74 23.33 4.67 0.82 67.66 3.84 25.33 2.00 0.79 71.06 1,33 12.33 0.00 5.08 
16 0.76 62.96 4.78 23.67 5.33 0.83 68.70 3.54 26.00 2.33 0.79 71.38 1,22 13.00 0.00 4.02 
17 0.77 63.51 3.71 24.67 5.33 0.84 69.22 2.91 27.00 2.33 0.80 71,92 0.91 13.33 0,00 4.03 
18 0.76 62.89 4,17 25.00 5.67 0.85 69.73 2.45 27.67 2.67 0.80 72,00 0.95 14.33 0.00 3.37 
19 0.77 63.10 2.72 25.67 5.67 0,86 70.44 2.43 28.33 2.67 0.81 72.43 0.66 15.33 0.00 2,93 
20 0.77 63.51 3.09 26.33 5.67 0.87 70.94 1.99 29.00 3.00 0.82 72.80 0.59 16.33 0.00 2.73 
Table B.6 Progress from reciprocal recurrent selection for partial dominance genetic model, additional generation 
of selfing, and starting gene frequencies PA = 0.5, PB = 0.5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean 4 AA aa Freq. Mean 4 AA aa Freq, Mean °G AA aa Heterosis% 
Half-Sib Û 0.50 49.69 22.68 0.00 0.00 0.50 49.91 S1.W6 0.00 0.00 0.50 49.84 15.34 0,00 0.00 -0.13 
1 0.57 55.30 11.14 0.33 0.00 0.56 54.31 12.00 0.33 0,00 0.56 54.80 10.23 0.00 0.00 -2.40 
2 0.62 58.41 12.81 1.00 0.00 0.60 56.63 11.88 0.67 0,00 0.61 58.30 10.36 0.00 0,00 -0.00 
3 0.66 60.59 16.05 2,33 0.00 0.64 58.86 12.22 4,67 0.33 0.65 61.26 10.01 0.67 0.00 1.11 
4 0.71 63.69 6.45 7.00 0.33 0.69 61.58 12.32 6.67 0.33 0,70 64.94 5.79 1,00 0.00 1.70 
5 0.73 63.63 6.80 10.00 0.67 0.73 63.72 10.44 10.00 0.67 0.73 66.52 4.36 1.33 0.00 2.40 
6 0.76 65.19 6.06 13.33 0.67 0.78 67.35 7.84 13.33 0.67 0,77 69.00 4.72 3.33 0.00 1.93 
7 0.77 65.42 8.20 15.67 1.00 0.80 68.08 7.33 16.00 0.67 0.78 69.98 3,68 5.67 0.00 1,82 
8 0,79 67.25 5.42 17.67 1.00 0.82 69.44 4.13 18.67 1.00 0.81 71,61 2.02 7.67 0.00 2.84 
9 0.81 67,64 5.28 21.00 2.00 0.85 70.65 3.56 22.33 1.00 0.83 72.59 1.79 10.33 0.00 2.71 
10 0.82 68.43 3,73 22.67 2.00 0.86 71.43 3.45 25.33 1.33 0.84 73,40 1.25 11.67 0.00 2.42 
11 0.83 68.68 3.42 23.33 2.00 0.88 72.43 2.06 27.33 1.67 0.85 73.95 1.18 13,67 0.00 1.59 
12 0.84 69.25 5.03 26.00 2.00 0.89 72.90 1.78 30.00 1.67 0.87 74.45 0.87 18.00 0.00 1,63 
13 0.85 69.72 2.87 27.67 2.00 0.90 72,95 1,59 31.33 2.00 0.87 74.80 0.58 20,00 0.00 2.11 
14 0.85 70.05 2.50 28.67 2.00 0,90 73.44 1.90 32.33 2.00 0.88 75.01 0.63 22.00 0.00 1.54 
15 0.86 70.16 2.74 29.33 2.00 0.91 73.58 1.69 32.67 2.00 0.88 75.17 0.58 23.00 0.00 1.11 
16 0.86 70.65 3.26 30.33 2.33 0.91 73.85 1.27 33.33 2.00 0.89 75.45 0.65 24.33 0.00 1.20 
17 0.87 70.58 2.13 30.33 2.33 0.91 73.55 1.63 34.33 2.00 0,89 75.43 0.45 25.33 0.00 1.19 
18 0.87 70.88 1.89 30.33 2.33 0,91 73.45 1.27 34.67 2.33 0.89 75.45 0.47 25.67 0.00 1.36 
19 0.88 71.72 1.98 31.00 2.33 0,91 73.45 1.26 35.33 2.33 0.90 75.85 0.37 26.67 0.00 1.43 
20 0.88 71.27 2.28 31.00 2.33 0.91 73.26 0.87 35.33 2.33 0.89 75.65 0.40 26.67 0.00 1.28 
Full-Sib 0 0.50 49.69 22.68 0.00 0.00 0.50 49.91 21.86 0.00 0.00 0.50 49.84 15.34 0.00 0.00 -0,13 
1 0.54 52.92 14.38 0.33 0.00 0.57 55.33 14.76 0.00 0.00 0.55 54.29 11.21 0.00 0.00 -2.01 
2 0,59 55.60 14.18 0.33 0,00 0.59 56.73 13.23 0,00 0.00 0.59 57.06 11.04 0.00 0.00 -0,57 
% 0.63 58.10 13.29 2.00 0.33 0.64 59.08 13.57 1.67 0.00 0.64 60,70 8.84 0.00 0.00 1.48 
4 0.66 59.10 10.16 5.00 1.33 0.69 62.01 10.25 6.33 0.33 0.68 63,32 6.66 0.33 0.00 2.13 
5 0.70 61.25 7.26 8.67 1.67 0.73 64.50 9.10 10.00 0.33 0.72 66.02 5.43 1.33 0.00 2.12 
6 0.72 62.30 7.59 10.67 1.67 0.76 65.56 6.98 10.33 0.67 0.74 67.29 3.81 1.67 0.00 1.95 
7 0.76 64.41 4.67 14.67 2.00 0.78 66.90 5.84 15.00 1,00 0.77 69.08 2.67 6,00 0.00 1.20 
8 0.77 65.19 5.82 17.33 2.33 0.79 67.50 6.86 17.00 1.00 0.79 70.14 2.44 7,67 0.00 1.85 
9 0.80 67.02 4.01 20.67 2.33 0.80 67.47 4.58 19.00 1.00 0.80 71,05 2.11 9.00 0,00 3.43 
10 0.81 67.63 3.69 24.33 2.33 0.81 68.25 4.55 21.00 1.33 0.81 71.92 1.70 11.00 0.00 4.15 
11 0.82 68.11 3.78 26.00 2,33 0.83 68.96 3.00 22.00 1.33 0.83 72.64 1.08 11.33 0.00 4.18 
12 0.84 69,31 3.24 27.00 2.33 0.84 69.61 2.81 25.00 1.33 0.84 73.35 1.15 14,33 0.00 4.27 
13 0.86 70.34 2.79 27.67 2.33 0.85 70.10 3.54 26.33 1.67 0.86 74.13 0.79 15,33 0.00 4.12 
14 0.85 69,90 3.84 29.00 2.67 0.87 71.15 2.18 29.00 2.00 0.86 74.43 0.59 18,33 0.00 3.77 
15 0.87 70,71 1.68 29.67 2.67 0.88 71.82 1.56 30.33 2,33 0.87 74.94 0.44 20.33 0,00 3,34 
16 0.87 71,02 1.85 30.33 2.67 0.89 72.46 1.32 31.33 2.67 0,88 75.29 0.38 22.00 0,00 3.08 
17 0.88 71,36 2.25 32.00 2.67 0,89 72.25 1.06 31.67 3.00 0.89 75.38 0.42 24.00 0,00 3.10 
18 0.89 71.78 2.17 32.67 3.00 0.89 72.17 1.16 32.67 3.00 0.89 75.61 0.38 25.33 0.00 3.40 
19 0.89 72.18 1.19 33.33 3,00 0.90 72.26 0.81 33.33 3.00 0.89 75.79 0.22 26.67 0,00 3.17 
20 0.90 72.44 0.86 34.33 3.00 0.90 72.16 0.63 34.00 3.00 0.90 75.86 0.16 28.33 0.00 3.29 
Table B.7 Progress from reciprocal recurrent selection for partial dominance genetic model, additional generation 
of selfing, and starting gene frequencies PA = 0.75, PB = 0.25. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean O'G AA aa Freq. Mean °o AA aa Freq. Mean °a AA aa Hetevosis% 
Half-Sib 0 0.75 67.51 10.85 0.00 0.00 0.25 27.30 27.25 0.00 0.00 0.50 52,53 12.82 0,00 0,00 -22,19 
1 0.81 70.75 4.81 3.33 0.00 0.29 31.87 27.90 0.00 0.00 0.55 56,69 8.98 0.00 0.00 -19.87 
2 0.85 72.50 4.12 10.33 0.00 0.37 37.49 17.95 0.00 1.00 0.60 60.39 5.92 0.00 0.00 -16.70 
3 0.88 74.16 4.30 15.67 0.00 0.40 39.64 13.38 0.00 3.00 0.64 62.97 5.50 0.00 0.00 -15.07 
4 0.91 75.72 2.50 20.67 0.00 0.43 42.15 11.83 2.00 3.33 0.67 65,17 3.51 0.33 0.00 -13.93 
5 0.92 76.27 1.99 24.00 0.00 0.47 44.73 13.07 2.67 4.33 0.70 66,76 2.78 0,67 0.00 -12.47 
f) 0.93 76.50 1.89 28.33 0.00 0.51 46.51 12.04 3.67 6.00 0.72 67.90 2.20 1,00 0,00 -11,24 
7 0.94 76.80 1.56 30.33 0.00 0.52 46.50 9.25 5.00 7.00 0.73 68.55 1.76 2,67 0.00 -10,74 
8 0.95 77.19 1.18 32.67 0.00 0.54 47.72 9.86 7.00 8,33 0.75 69,56 1.26 4.33 0.00 -9,88 
9 0.96 77.39 1.27 34,67 0.33 0.57 49.67 6.91 10.33 8.67 0.76 70.42 0.97 8.00 0.00 -8.99 
10 0.96 77.27 1.59 35.67 0.33 0.58 49.95 5.35 12.33 9.33 0.77 70.57 1.11 10.00 0,00 -R.66 
11 0.96 77.64 1.03 36,67 0.33 0.60 50.91 3.73 14.33 9.67 0.78 71.11 0.64 12.33 0.00 -8,40 
12 0.97 78.02 1.14 37,00 0.33 0.60 51.07 4.64 15.67 9.67 0.79 71.44 0.56 13,33 0.00 -8.42 
13 0.97 78.18 1.12 37.33 0.33 0.60 50.94 4.14 16.33 10.00 0.79 71.45 0.47 14.00 0,00 -8.60 
14 0.97 78.15 0.84 37.33 0.33 0.61 51.08 4.66 18.00 10.00 0.79 71.58 0.56 15,67 0.00 -8.38 
15 0.98 78.68 0.53 37.67 0,33 0,62 51.53 5.03 18.33 10.33 0.80 71.93 0.56 16.33 0.00 -8.56 
16 0.98 78.65 0.47 38.00 0.33 0,63 52.12 3.55 18.33 10,33 0.80 72.09 0.42 16.33 0,00 -8.33 
17 0.98 78.61 0.51 38.00 0.33 0.64 52.95 3.49 20,33 10,33 0.81 72.34 0.42 18.33 0.00 -7.97 
18 0.98 78.85 0.29 38,33 0.33 0.65 53.23 3.48 21.00 10.33 0.81 72.55 0.29 19.33 0.00 -7,98 
19 0.98 78.84 0.31 38,33 0.33 0.65 53.63 2.94 22,00 10.67 0.82 72.69 0.30 20.33 0.00 -7.78 
20 0.98 78.84 0.30 38.33 0.33 0.65 53.29 2.92 22.00 11.00 0.82 72.63 0.28 20.33 0.00 -7.85 
Full-Sib 0 0.75 67.51 10.85 0.00 0.00 0.25 27.30 27.25 0.00 0.00 0.50 52.53 to
 
Ob
 
to
 
0.00 0.00 -22.1!) 
1 0.81 70.70 5.14 1.67 0.00 0.30 32.79 24.65 0.00 0.00 0.56 56.79 9.15 0.00 0.00 -19.67 
2 0.85 72.92 3.85 9.33 0.00 0.36 37.27 16.30 0,00 1.33 0.61 60.73 6.24 0,00 0.00 -16.73 
3 0.88 74.08 2.23 16.67 0.00 0,40 39.45 14.34 0.33 3.00 0.64 62.77 4.86 0.33 0.00 -15.27 
4 0.90 74.96 1.99 20.00 0.00 0.44 42.78 13.83 0.67 3.33 0.67 64.51 3.83 0,67 0.00 -13.94 
5 0.91 75.31 2.19 22.00 0.00 0,47 45.03 11.29 1.00 3.33 0.69 65.63 3.21 1.00 0.00 -12.85 
6 0.92 76.05 2.33 25.00 0.00 0.50 47.03 10.17 2.33 4.00 0.71 67.22 2.95 1.67 0.00 -11.60 
7 0.94 76.67 1.73 28.33 0.00 0.54 49.31 7.80 4.00 6.00 0.74 68,67 2,12 2.33 0,00 -10.43 
8 0.95 77.49 1.12 31.00 0.00 0.55 49.97 8.89 4.67 6.33 0.75 69,60 1.80 2,67 0.00 -10.18 
9 0.96 78.09 1.14 33.67 0.00 0.58 51.74 6.39 6.67 7.00 0.77 70.66 1,37 4.33 0,00 -9,51 
10 0.97 78.58 0.99 34.67 0.00 0.60 52.91 6.11 8.00 7.00 0.79 71.38 1,12 5,33 0.00 -9,16 
11 0.98 79.01 0.70 36.33 0.00 0.63 54.72 6.54 11.67 7.00 0.81 72.24 0.75 9.67 0.00 -8.56 
12 0.98 79.21 0.59 37.00 0.00 0.65 55.85 6.52 13.33 7.00 0.82 72.63 0,73 11.67 0.00 -8.31 
13 0.99 79.40 0.44 37.67 0.00 0.68 57.84 3.31 15.33 7.33 0.84 73.41 0.51 13.67 0.00 -7.55 
14 0.99 79.38 0.43 38.00 0.00 0.70 58.50 4,01 16.67 7.33 0.84 73.65 0.52 15.00 0.00 -7.22 
15 0.99 79.33 0.47 38.67 0.00 0.69 58.13 3.14 19.33 7.33 0.84 73.68 0.43 18.00 0.00 -7,11 
16 0.99 79.59 0.33 38.67 0.00 0.70 58.31 2.83 19.67 7.67 0.85 73,81 0.43 18,33 0,00 -7,27 
17 0.99 79,67 0.22 38.67 0.00 0.71 58,39 2.51 21.00 8.00 0.85 74.02 0.32 19.67 0.00 -7,10 
18 1.00 79.76 0.16 38.67 0.00 0.73 59.59 1.79 23.33 8.33 0.86 74.40 0.28 22.00 0.00 -6,72 
19 1.00 79,81 0.11 39,33 0.00 0.73 59,79 2.01 24.67 8.33 0.86 74.55 0.24 24.00 0.00 -6,59 
20 0.99 79.70 0.20 39.33 0.00 0.73 59.62 2.73 25.00 8.33 0,86 74.44 0,29 24,33 0.00 -6.60 
Table 13.8 Progress from reciprocal recurrent selection for partial dominance genetic model, additional generation 
of selfing, and starting gene frequencies PA = 0.75, Pg = 0.25. 
RR.S Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean 4 AA aa Freq. Mean *G AA aa Freq. Mean AA aa Heterosis1??) 
Half-Sib 0 0.75 67.51 10.85 0.00 0.00 0.25 27.30 27.25 0.00 0.00 0.50 52.53 12.82 0.00 0.00 -22.19 
1 0.81 70.75 4.81 3.33 0.00 0.29 31.87 27.90 0.00 0.00 0,55 56.69 8,98 0.00 0.00 -19.87 
2 0.85 72.50 4.12 10.33 0.00 0.37 37.49 17.95 0.00 1.00 0.60 60.39 5.92 0,00 0.00 -16.70 
3 0.88 74.16 4.30 15.67 0.00 0.40 39.64 13.38 0.00 3.00 0.64 62.97 5.50 0,00 0.00 -15.07 
4 0.91 75.72 2.50 20.67 0.00 0.43 42.15 11.83 2.00 3.33 0.67 65.17 3.51 0.33 0.00 -13.93 
5 0.92 76.27 1.99 24.00 0.00 0.47 44.73 13.07 2.67 4.33 0.70 66.76 2.78 0.67 0.00 -12.47 
6 0.93 76.50 1.89 28.33 0.00 0,51 46.51 12.04 3.67 6.00 0.72 67.90 2.20 1,00 0.00 -11.24 
7 0.94 76.80 1.56 30.33 0.00 0.52 46.50 9.25 5.00 7.00 0.73 68.55 1,76 2.67 0.00 -10.74 
8 0.95 77.19 1.18 32,67 0.00 0.54 47.72 9.86 7.00 8.33 0.75 69.56 1,26 4.33 0.00 -9.88 
9 0.96 77.39 1.27 34.67 0.33 0.57 49.67 6.91 10.33 8.67 0.76 70.42 0.97 8.00 0.00 -8.99 
10 0.96 77.27 1.59 35.67 0.33 0.58 49.95 5.35 12.33 9.33 0.77 70,57 1.11 10,00 0.00 -8.66 
11 0.96 77.64 1.03 36.67 0.33 0.60 50.91 3.73 14,33 9.67 0.78 71,11 0.64 12.33 0,00 -8.40 
12 0.97 78.02 1.14 37.00 0.33 0.60 51.07 4.64 15,67 9.67 0.79 71.44 0.56 13,33 0.00 -8.42 
13 0.97 78.18 1.12 37.33 0.33 0.60 50.94 4.14 16.33 10.00 0.79 71.45 0.47 14,00 0.00 -8.60 
14 0.97 78.15 0.84 37.33 0.33 0.61 51.08 4.66 18.00 10.00 0.79 71.58 0.56 15.67 0.00 -8.38 
15 0.98 78.68 0.53 37.67 0.33 0.62 51.53 5.03 18.33 10.33 0.80 71.93 0.56 16.33 0.00 -8.56 
16 0.98 78.65 0.47 38.00 0.33 0.63 52.12 3.55 18.33 10.33 0.80 72.09 0.42 16.33 0.00 -8.33 
17 0.98 78.61 0.51 38.00 0.33 0,64 52.95 3.49 20.33 10.33 0,81 72.34 0.42 18.33 0.00 -7.97 
18 0.98 78.85 0.29 38.33 0.33 0.65 53.23 3.48 21.00 10.33 0.81 72.55 0.29 19.33 0.00 -7.98 
19 0.98 78.84 0.31 38.33 0.33 0.65 53.63 2.94 22.00 10.67 0.82 72.69 0.30 20.33 0.00 -7.78 
20 0.98 78.84 0.30 38.33 0.33 0.65 53.29 2.92 22.00 11.00 0.82 72.63 0.28 20.33 0.00 -7.85 
Pull-Sib 0 0.75 67.51 10.85 0.00 0.00 0/25 27.30 '27.'25 0.00 0.00 0.50 52,53 1'2.8'2 0.00 0.00 -'2'2.1i) 
1 0.81 70.70 5.14 1.67 0.00 0.30 32.79 24,65 0.00 0.00 0,56 56.79 9.15 0.00 0.00 -19.67 
2 0.85 72.92 3.85 9.33 0.00 0.36 37.27 16.30 0.00 1.33 0.61 60,73 6,24 0.00 0.00 -16.73 
3 0.88 74.08 2.23 16.67 0.00 0.40 39.45 14.34 0.33 3.00 0,64 62.77 4,86 0.33 0.00 -15.27 
4 0.90 74.96 1.99 20.00 0.00 0.44 42.78 13.83 0.67 3.33 0.67 64.51 3.83 0.67 0.00 -13.94 
5 0.91 75.31 2.19 22,00 0.00 0.47 45.03 11.29 1.00 3.33 0.69 65.63 3.21 1.00 0.00 -12.85 
6 0.92 76.05 2.33 25.00 0.00 0.50 47.03 10.17 2.33 4,00 0.71 67.22 2.95 1.67 0.00 -11.60 
7 0.94 76.67 1.73 28.33 0.00 0.54 49.31 7.80 4.00 6.00 0.74 68,67 2,12 2,33 0.00 -10.43 
8 0.95 77.49 1.12 31.00 0.00 0.55 49.97 8.89 4.67 6.33 0.75 69.60 1.80 2.67 0.00 -10.18 
9 0.96 78.09 1.14 33.67 0.00 0.58 51.74 6.39 6.67 7.00 0.77 70.66 1.37 4.33 0.00 -9.51 
10 0.97 78.58 0.99 34.67 0.00 0.60 52.91 6.11 8.00 7.00 0.79 71.38 1.12 5.33 0.00 -9.16 
11 0.98 79.01 0.70 36.33 0.00 0.63 54,72 6.54 11.67 7.00 0.81 72.24 0.75 9.67 0.00 -8,56 
12 0.98 79.21 0.59 37.00 0.00 0.65 55.85 6.52 13,33 7.00 0.82 72.63 0.73 11.67 0.00 -8.31 
13 0.99 79.40 0.44 37.67 0.00 0.68 57.84 3.31 15.33 7.33 0.84 73.41 0.51 13.67 0.00 -7.55 
14 0.99 79.38 0.43 38.00 0.00 0.70 58.50 4.01 16,67 7.33 0.84 73,65 0.52 15.00 0.00 -7,22 
15 0.99 79.33 0.47 38.67 0.00 0.69 58.13 3.14 19,33 7.33 0.84 73.68 0.43 18,00 0.00 -7.11 
16 0.99 79.59 0.33 38.67 0.00 0.70 58.31 2,83 19,67 7.67 0.85 73.81 0.43 18,33 0.00 -7,27 
17 0.99 79.67 0.22 38.67 0.00 0.71 58.39 2.51 21.00 8.00 0.85 74.02 0,32 19.67 0,00 -7.10 
18 1.00 79.76 0.16 38.67 0.00 0.73 59.59 1.79 23,33 8.33 0.86 74.40 0.28 22.00 0,00 -6.72 
19 1.00 79.81 0.11 39.33 0.00 0.73 59.79 2.01 24.67 8.33 0.86 74.55 0,24 24.00 0.00 -6.59 
20 0.99 79.70 0.20 39.33 0.00 0.73 59.62 2.73 25.00 8.33 0.86 74.44 0.29 24.33 0,00 -6.60 
Table B.9 Progress from reciprocal recurrent selection for complete dominance genetic model, and starting gene 
frequencies PA = 0.5, Pg = 0.5, 
RR.S Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean alG AA aa Freq. Mean a'a AA aa Freq. Mean AA aa Heterosis% 
Half-Sib 0 0.50 59.75 28.70 0.00 0.00 0.50 59.78 29.01 0.00 0.00 0.50 59.94 21.01 0.00 0,00 -0.11 
1 0.55 63.94 19.78 0.00 0.00 0.56 64.22 26.08 0.00 0.00 0.55 63.88 15.78 0.00 0.00 -1.11 
2 0.57 63.44 22.50 0.00 0.00 0.61 66.21 18.14 0.00 0.00 0.59 66.37 12.93 0.00 0.00 0.29 
3 0.58 63.52 22.62 1.67 0.00 0,64 66.59 16.32 1.33 0.00 0.61 68,22 11.10 0.00 0.00 2,50 
4 0.60 63.12 16,52 3,00 0.33 0.66 66.64 16.01 3.00 0.33 0.63 70.55 9.59 0.00 0,00 5.86 
5 0.63 62.40 16.97 7.00 0.67 0.68 67.11 16.55 7.33 0.67 0,65 72.52 7.12 0.33 0.00 8,06 
6 0.64 62.11 13.16 10.00 2.33 0,70 67.42 17.59 8.67 1.00 0.67 74.09 6.55 1.33 0,00 9.90 
7 0,64 61.01 12.70 11.67 2.67 0,73 68.60 12.36 11.33 1.33 0,68 74,86 5.97 1.33 0.00 9.16 
8 0.65 60.79 11.97 12.67 3.67 0,74 68.56 11.16 14.00 1.33 0,70 76.25 4,37 2.33 0.00 11,36 
9 0.65 60.79 13.79 14.00 4.00 0.77 69.78 8.22 15.67 1.33 0,71 77.25 3,32 3.00 0,00 10.89 
10 0.66 60.26 11.92 14.00 4.33 0.78 69.30 7.85 18.33 1.33 0,72 77.87 2,29 3.67 0,00 12.64 
11 0,66 59.82 10.57 16.67 4.67 0.79 69.12 7.79 21.33 1.33 0,72 78.50 1,64 4.33 0.00 13.81 
12 0.66 59.50 11.78 17.00 5.33 0.78 68.39 8.76 22.33 1.33 0.72 79.15 1.05 4.67 0.00 15.91 
13 0.66 59.69 12.69 17.00 5.67 0.78 67.32 5.88 23.67 2.00 0.72 79.33 0.77 5.00 0,00 18.07 
14 0.65 58.33 12.47 17.33 5.67 0.79 67.24 6,06 25.00 3.00 0.72 79.19 0.74 5.67 0,00 18.03 
15 0.66 58.48 8.42 18.00 6.67 0.79 67.23 4.26 25.67 3.33 0.73 79.27 0.84 6.67 0.00 18.23 
16 0.66 58,16 6.12 18.33 7.33 0.79 66.32 3,66 26.67 4.00 0.73 79.59 0.66 7.67 0.00 20.36 
17 0.67 58.42 6.32 19.00 7.33 0.78 65.46 3.72 27.33 4.67 0.73 79.67 0.44 8.67 0.00 22.16 
18 0.66 57.49 6.38 20.33 7.67 0,79 65.79 3.08 28.00 5.00 0.73 79.90 0.14 9.33 0.00 21.81 
19 0.66 56.67 6.78 20.67 7.67 0.79 65.35 3.38 28.67 5.67 0.73 79.92 0.09 10.00 0.00 22.82 
20 0.65 55.97 8.02 21.67 8.33 0,78 64,50 2.93 29,00 5.67 0.72 79.89 0.12 11.33 0.00 24.38 
Full-Sib 0 0.50 59.75 28.70 0,00 0.00 0.50 59.78 29.01 0,00 0.00 0.50 59.94 21.01 0.00 0,00 -0.11 
1 0.54 63.07 25.87 0.00 0.00 0.55 63.11 24.34 0.00 0,00 0.54 63.08 20.87 0.00 0,00 -0.98 
2 0.58 64.23 24.12 0.67 0.00 0.58 62.94 22.21 0.00 0,33 0.58 66.11 16.49 0.00 0,00 1.81 
3 0.62 65,19 20.49 2.33 0,00 0.59 61.86 17.78 1.33 1.00 0.60 68.52 11.98 0.00 0.00 4.57 
4 0,64 64.88 18.27 4.33 0.00 0.59 61.81 17.97 2.67 1.33 0.61 69.68 10.14 0.33 0,00 5.64 
5 0,65 64.77 15.16 8.00 0.67 0.61 61.35 16.85 5.00 1.67 0.63 71.31 8.84 1.00 0.00 8.78 
6 0,66 64.33 12.92 9.00 1.00 0.64 63.35 14.33 6.67 2.33 0.65 72.49 8,54 1,00 0,00 11.16 
7 0.68 65.25 10.64 9.67 1.00 0.65 63.21 12.68 8,67 2.67 0.66 74.02 6.00 1.00 0.00 13,47 
8 0.70 66.23 12.48 12.33 1.33 0.66 62.37 11.30 11.67 3.00 0.68 75.70 5.01 1.67 0,00 14,38 
9 0.73 66.95 9.86 13.67 1.33 0.68 62.70 9.80 12,67 3.00 0.70 76.46 4.08 2.00 0,00 14,28 
10 0.73 66.84 9.24 15.33 1.67 0,70 64.02 9.18 14.33 3.67 0.72 77.51 2.98 3.00 0,00 15,23 
11 0.74 66.14 8.24 16.33 2.33 0,71 64.07 7.67 16.67 4.33 0.72 78.28 1.64 3.67 0.00 18,44 
12 0.74 65.97 8.91 18.33 2.67 0,71 63,79 7.54 17.67 4.33 0.73 78.41 1.81 4,33 0.00 18.94 
13 0.75 65.92 7.85 20.00 3.33 0,71 63,29 8.66 18.67 4.67 0.73 78.87 1.48 5.00 0.00 19.73 
14 0.75 65.60 7.00 21.00 4.00 0.73 63.83 4.92 19.33 4.67 0.74 79.01 1.15 5.67 0.00 18.78 
15 0.75 65.32 6.72 22.33 4.00 0.73 63,90 5.15 21.33 5.00 0.74 79.18 0.89 8.00 0.00 18.87 
10 0.75 64.90 7.11 23.67 4.00 0.74 63.78 5.48 21.33 5.33 0.75 79.31 0.62 8.33 0.00 19.88 
17 0.76 65.08 6.41 24.33 4.67 0.75 64.05 4.92 22.67 5.67 0.75 79.53 0.51 9.33 0.00 19,00 
18 0.76 64.45 6.63 24.67 5.33 0.75 63.90 3,32 23.67 6.00 0.75 79.68 0.35 9.67 0.00 20.36 
19 0.76 64.02 4.89 25,67 5.67 0.75 63.68 4,33 24.33 6.00 0.75 79.77 0.24 11.00 0.00 19.82 
20 0.76 63.89 4.94 26.00 6.33 0.75 63.33 3.48 24.33 6.33 0.75 79.78 0.29 11.33 0,00 20.81 
Table B.10 Progress from reciprocal recurrent selection for complete dominance genetic model, additional gener­
ation of selfing, and starting gene frequencies P^ — 0.5, Pg = 0.5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean 4 AA aa Freq. Mean AG AA aa Heterosis'#) 
Half-Sib 0 0.50 60.14 27.30 0.00 0.00 0.50 59.76 31.53 0.00 0.00 0.50 59.86 22.78 0.00 0.00 -0.55 
1 0.56 64.58 21.39 0.00 0.00 0,57 64.92 25.98 0.00 0.00 0.56 64.71 15.62 0.00 0.00 -1.04 
2 0.60 66.22 21.30 0.67 0.00 0.61 66.46 19.89 0.00 0.00 0.61 68.59 12.12 0.00 0.00 1.82 
3 0.65 67.78 18.97 1.33 0.00 0,65 67.68 18.28 2.00 0.00 0.65 71.55 7.76 0.00 0,00 2.80 
4 0.69 69.81 13.41 4.33 0.33 0.68 66.56 16.48 6.00 0.33 0.69 73.92 6,66 0.00 0,00 4.70 
5 0.73 70.59 10.21 7.33 0.33 0.69 66.26 18.81 9.67 1.00 0.71 75.97 4.30 0.00 0.00 6.52 
6 0.74 70.07 13.86 11.33 1.00 0.71 66.44 11.59 12.67 1.33 0.73 77.30 3,87 0.67 0.00 9.13 
7 0.76 71.02 9.89 14.00 1.00 0.72 66.09 12.64 15.67 1.67 0.74 78.18 1.98 1.33 0,00 9.88 
8 0.77 70.73 11.42 15.33 1.33 0.71 64.69 10.59 17.33 2.33 0.74 78,38 2.01 2.33 0.00 10,85 
9 0.77 70.32 10,25 17.33 1.33 0.71 64.09 9.12 18.67 3.00 0.75 78.66 1.69 3.00 0.00 11.91 
10 0.79 70.30 10,02 19,67 1.33 0.71 62.80 7.75 20.00 3.67 0.75 78.91 1.16 5.33 0.00 12,32 
11 0.79 69.61 6.83 22.00 1.33 0.71 62.18 7.86 20.67 4.67 0.75 79.35 0.72 7.00 0.00 14,12 
12 0.79 69.22 6.95 23.33 1.67 0.71 61.76 5,45 21.67 5,33 0,75 79.58 0.45 8,00 0.00 14.13 
13 0.79 68.49 6.58 24.00 2.00 0,71 61.56 4,76 22.00 5.67 0.75 79,75 0.31 8.67 0.00 14,81 
14 0.79 67.99 5.45 25.33 2.00 0,72 61.23 3.94 23.33 6.00 0.76 79,90 0.13 10.33 0.00 15.75 
15 0.80 67.97 6.07 26.67 2.67 0.72 61.02 4,49 23.67 6.33 0.76 79,92 0.10 11.67 0.00 15.14 
16 0.81 68.48 6.26 27.33 2.67 0.71 60.31 4.36 24.33 6.67 0.76 79.95 0.05 12.67 0.00 15.03 
17 0.81 68.24 7,18 28,00 2.67 0.72 60.55 4.57 24.67 6.67 0.76 79,97 0.04 13.33 0.00 14.63 
18 0.81 68,90 7.74 28.33 2.67 0.71 59.76 4.73 24.67 6.67 0.76 79.94 0.08 13.33 0.00 14.73 
19 0.82 69.36 6.69 28.33 2.67 0.71 59.25 3,11 24.67 8.33 0.76 79,98 0.03 13.33 0.00 14.70 
20 0.81 68,65 4.77 28.33 2,67 0.71 59.04 1,75 24.67 9.33 0.76 79.97 0.03 13,33 0.00 15,74 
Full-Sib 0 0.50 60,14 27.30 0.00 0.00 0.50 59.76 31.53 0.00 0,00 0,50 59.86 22,78 0.00 0.00 -0.55 
1 0.57 65.67 23.27 0.00 0,00 0,55 64.10 20.03 0.00 0.00 0.56 64.37 13,82 0.00 0.00 -1.96 
2 0,62 66.88 21.85 1.00 0.00 0.61 65.99 16.03 0.00 0,00 0.61 68.41 13.39 0,00 0.00 1.46 
3 0.67 67.95 19.86 3.67 0.33 0,63 66.25 25.53 2.33 0.00 0,65 71,39 9.01 0,00 0.00 3.63 
4 0.72 69.43 13.20 6.67 0.33 0.65 66.87 18.52 3.67 0.00 0,68 73,88 6.70 0.00 0.00 4.99 
5 0.74 70.13 12.37 10.33 0.33 0.65 66.54 18.37 4.67 0.33 0,70 75,05 5.19 0.00 0.00 5.94 
6 0.77 70,78 10.12 13.33 0.67 0.68 66.82 17.40 7.00 0.67 0.72 76,72 4.14 0,33 0.00 8,55 
7 0.79 71,19 12,96 17.00 1.33 0.68 65.76 14.65 10,00 1.00 0.73 77,76 2,53 0,67 0.00 9.47 
8 0.80 70,84 12.76 20,00 1.33 0.69 65.80 14.27 12,67 1.33 0.74 78,62 1.70 2,00 0.00 10.94 
9 0.80 70.08 9.78 22,33 1.33 0.68 64.77 14.77 14.00 1.67 0.74 79.24 0,92 2.33 0.00 12.00 
10 0.81 69.64 8.72 24.00 1.33 0.70 64.75 15.15 15.67 2.33 0.75 79.58 0.49 3,33 0.00 12.29 
11 0.81 69.10 4.51 26.00 2.00 0.70 64.64 16.81 17.33 2.67 0.76 79.64 0.44 5.33 0.00 13,23 
12 0.81 68.65 4.57 26.33 3.00 0.72 65.48 11.33 18.67 2.67 0.77 79.73 0.40 6.67 0.00 13,74 
13 0.81 68.59 3.13 26.67 3.33 0.73 65.66 9.90 19.67 3.00 0.77 79,88 0.16 7,67 0.00 14,78 
14 0.81 68.45 3.20 27.00 3.33 0.72 64.01 7.20 20.33 3.67 0,77 79.87 0.16 8.33 0.00 16.06 
15 0.81 68.03 3.06 27.00 4.00 0.72 62.82 7.61 20.67 4.67 0.76 79.91 0.13 8,67 0.00 17,32 
16 0.81 67.84 3.26 28.00 4.33 0.73 62.74 6.44 22.67 5,00 0.77 79.91 0.12 11.33 0.00 17,91 
17 0.81 67.70 2.52 28.67 4.33 0.73 61.88 5.85 23.00 6.00 0.77 79.91 0.09 12.33 0.00 18,17 
18 0.82 67.94 2.67 29.00 4.33 0.74 62.54 5.01 24.33 6.33 0,78 79.95 0.07 13.67 0.00 17,79 
19 0.83 68.48 2.00 30.00 4.67 0.74 62.60 3.86 25,33 6,67 0.79 80.00 0.00 15.33 0.00 16.76 
20 0.83 68.51 2.00 30.00 5.00 0.74 62.30 5.65 25.67 6.67 0.79 80,00 0.00 15.67 0.00 16,74 
Table 13,11 Progress from reciprocal recurrent selection for complete dominance genetic model, and starting gene 
frequencies P& = 0.75, PB = 0.25. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean ctq AA aa Freq. Mean 4 AA aa Freq. Mean <4 AA aa Heterosis% 
Half-Sib 0 0.75 75.09 8.83 0.00 0.00 0.25 35.10 38.66 0.00 0.00 0.50 64.87 16.69 0.00 0.00 -13.61 
1 0.79 76.76 6.30 0.67 0.00 0.27 37.12 23.70 0.00 0.00 0.53 67.81 13.54 0.00 0.00 -11.67 
2 0.82 77,09 5.89 4.00 0.00 0,29 37.79 29,08 0.00 1.67 0.55 70,06 11.13 0.00 0.00 -9.12 
3 0.86 77.32 4.60 13.00 0.00 0.31 39.40 20.89 0.00 3,33 0.58 72.45 8.20 0.00 0.00 -6.30 
4 0.88 77.59 4.24 18.33 0.00 0.31 38.80 24.59 0.00 5.33 0.60 73.98 6.24 0.00 0.00 -4.65 
5 0.90 77.78 4.02 21.67 0.00 0.31 37.94 25.61 0.00 6.00 0,60 75.35 5.15 0.00 0.00 -3.10 
6 0.92 78.28 2.79 24.67 0.00 0,30 36.18 21,57 0.00 8.00 0,61 76.23 4,48 0.00 0.00 -2.61 
7 0.93 78.51 2.69 28.33 0.00 0.32 36.61 21.18 0.33 10.33 0,63 77.40 3.29 0.00 0.00 -1.41 
8 0.95 78.72 2.36 30.67 0.00 0.34 37.17 16.08 1.00 11.33 0.64 78.26 1.88 0.67 0.00 -0.58 
9 0.95 78,65 2.19 32.33 0.00 0,34 36.85 17.05 2.00 13.33 0.65 78.65 1.77 1.00 0.00 0,01 
10 0.95 78.52 2.11 33.33 0.00 0.34 35.53 13.28 2.33 14.00 0.65 78.98 1,20 1.33 0.00 0,59 
11 0.96 78.56 2.23 33.33 0.00 0,35 35.55 11.27 3.33 14.67 0.65 79.04 1.08 2.33 0.00 0.61 
12 0.96 78.44 2,15 34.00 0.00 0.32 32.93 10.58 3.33 16.67 0.64 79.13 1.04 2.67 0.00 0.88 
13 0.96 78.64 1.70 35.00 0.00 0.32 32.59 10.80 4.33 17.67 0.64 79.29 0.88 3.00 0.00 0.84 
14 0.96 78.39 1.39 35.67 0.00 0.32 31.99 11.18 5.00 18,33 0.64 79.65 0.50 3.00 0.00 1.60 
15 0.97 78,56 0.89 36.33 0.00 0.32 31.33 12.10 5.33 19.33 0.64 79.70 0.35 3.67 0.00 1.45 
16 0.97 78.38 1.21 37.00 0.00 0.31 30.38 12.25 5.67 19.67 0,64 79.64 0.40 4,00 0.00 1.61 
17 0.97 78.58 1.14 37.67 0.00 0.31 29.64 10.54 6.00 19.67 0.64 79.71 0.33 5.00 0,00 1.44 
18 0.97 78.57 0.87 37.67 0.33 0.31 29.34 10.23 6.33 20.33 0,64 79.84 0.18 5.00 0,00 1.63 
19 0.97 78.35 0.75 37.67 0.33 0.31 28.50 6.99 7.00 21.33 0.64 79.92 0.12 5.67 0,00 2.01 
20 0.97 78.39 0.77 37.67 0.33 0.30 28.39 6.53 7.00 21.67 0.64 79.90 0.14 5.67 0.00 1.93 
Full-Sib 0 0.75 75.09 8.83 0.00 0.00 0.25 35.10 38.66 0.00 0.00 0.50 64.87 16.69 0.00 0.00 -13.61 
1 0.79 76.28 6.36 0.67 0.00 0.27 37.36 33.19 0.00 0.67 0.53 68.26 12.52 0.00 0.00 -10.52 
2 0.83 76.24 5.46 7.00 0.00 0.28 37.73 31.85 0.00 1.67 0,56 70.74 7.44 0.00 0,00 -7.22 
3 0.83 76.11 5.98 11.33 0.00 0.31 39.44 24.71 0.00 3.33 0.58 71.79 9.30 0,00 0.00 -5.68 
4 0.87 76.84 4.55 16.67 0.00 0.31 37.44 18.24 0.00 7.67 0.59 73.68 5.72 0,00 0.00 -4.11 
5 0.88 76.33 3.37 20.00 0.00 0,31 36.95 21,81 0.00 10,00 0.60 74.85 5.20 0.00 0.00 -1.92 
6 0.89 76.61 3.98 24.00 0.00 0.32 36.59 16.88 0.33 11.67 0.60 75,65 4.77 0,00 0.00 -1.24 
7 0.90 76.54 3.08 26,33 0.33 0.33 37.10 13.63 0.67 12.33 0.61 76,93 2,74 0.33 0.00 0.52 
8 0.90 75.79 3.99 28.00 0.33 0.34 37.22 13.52 1.00 13.00 0.62 77,38 2.89 0.67 0.00 2.10 
9 0.90 76.01 3.11 29.00 0.33 0,34 36.46 14.12 1.33 15.00 0.62 78,06 2.40 0.67 0.00 2.71 
10 0.91 75.72 3.33 31.67 0.33 0,34 35.56 11.52 2,67 15,00 0.63 78,98 1.36 0,67 0.00 4,31 
11 0.92 75.72 2.61 32.33 0.33 0.35 35.76 11.42 3.67 16.00 0.64 79,45 0.64 0.67 0.00 4.96 
12 0.92 75.29 2.66 33.33 0.33 0.35 35.26 10.57 4.67 16.33 0.64 79.56 0.50 1.67 0.00 5.70 
13 0.92 75.19 3.21 33.67 0.67 0.35 33.90 8.82 5.33 17.33 0.63 79.66 0.40 1.67 0.00 5.98 
14 0.93 75.81 1.83 34.67 1.00 0.34 33.35 9,68 6.00 17.67 0.64 79,83 0.18 2,33 0.00 5.31 
15 0.93 75.78 2.05 35.00 1.00 0.35 33.04 11.50 7.67 18.00 0.64 79.98 0.02 3,00 0.00 5.57 
16 0.93 75.94 1.96 35.00 1.00 0.36 33.56 9.28 8.00 18.67 0,65 79.97 0.04 3.33 0,00 5.33 
17 0.93 75.52 2.20 35.00 1.00 0.35 32,46 7.23 8,33 19.00 0,64 79.96 0.05 3.67 0,00 5.91 
18 0.93 75.57 1.56 35.00 1.00 0.35 32.39 6.99 8.67 19.67 0.64 80.00 0.00 4,00 0.00 5,89 
19 0.93 75.63 1.35 35.00 1.00 0.36 32.53 6.79 10.00 20.33 0,64 80.00 0.00 5.00 0.00 5.79 
20 0.93 75.57 1.49 35.33 1.33 0,36 32.48 6.40 10.00 20.33 0.64 80.00 0.00 5.33 0.00 5.88 
Table B.12 Progress from reciprocal recurrent selection for complete dominance genetic model, additional gener­
ation of selfing, and starting gene frequencies PA = 0,75, PB = 0.25. 
RR.S Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean FFG AA aa Freq. Mean °G AA aa Freq. Mean <4 AA aa Heterosis% 
Half-Sib 0 0.75 74.86 10.38 0.00 0.00 0.25 35.47 34.63 0.00 0,00 0.50 65,10 15.64 0,00 0.00 -13,04 
1 0.82 77.16 5.11 3.00 0.00 0.30 40.14 26.38 0.00 0,67 0.56 69,55 11.09 0,00 0.00 -9.87 
2 0,88 78.19 3.69 12.33 0.00 0.32 41,76 29.77 0.00 2.00 0.60 73.51 6.41 0.00 0.00 -5.99 
3 0.91 78,24 2.54 22,00 0.00 0,34 42,44 36.09 0.00 3.33 0.62 75.74 4.26 0.00 0.00 -3.20 
4 0.92 77,84 2.85 25.33 0.00 0,34 41,31 34.68 0,33 5.00 0.63 76,51 3.81 0.00 0.00 -1.70 
5 0.93 78.32 2.07 28.00 0,00 0.37 42.38 23.29 1.67 8.67 0.65 77.61 2.83 0.67 0.00 -0.90 
6 0.94 77.95 1.86 30.67 0.00 0.36 41.02 19.89 2.00 9.00 0,65 78.15 2.26 0.67 0.00 0.26 
7 0.94 77.75 1.94 32.33 0.33 0.36 40,75 22,54 2.33 10.00 0.66 78.71 1.23 0.67 0.00 1.23 
8 0.93 76.75 2.25 34.00 0.67 0.36 39.79 16.70 3.33 10.67 0.65 78.63 1.53 1.33 0.00 2,48 
9 0.94 76,73 1.87 34.00 0.67 0.37 39.18 19,97 4.33 11.67 0.65 79,00 1.17 1,67 0.00 2.97 
10 0.94 76.98 1.20 35.00 1.00 0.39 39.93 19.36 5.00 12.00 0.67 79.57 0.48 2,67 0.00 3,38 
11 0.94 76.63 1.14 35.67 1.00 0.40 40.90 12.75 5.00 12.67 0,67 79.73 0.38 2,67 0.00 4,06 
12 0.95 76.73 1.26 36.00 1.00 0.41 40.85 9.78 6.00 13.33 0,68 79.89 0.12 3,33 0.00 4.15 
13 0.95 76,67 1.35 37.00 1.00 0.41 39.77 10.36 6.67 14.00 0.68 79,96 0.05 4.33 0.00 4.31 
14 0.95 76.67 1.20 37.33 1.00 0.41 39.77 13.74 7.67 15.00 0.68 79,97 0.03 5.33 0.00 4.32 
15 0.95 76.88 1.06 37.33 1.00 0.42 40.15 8.72 8.33 15.67 0.69 79.99 0.02 6.00 0.00 4,05 
16 0.95 76.47 1.10 37.33 1.00 0.42 39,48 10.42 9.00 15.67 0.68 79.94 0.08 6.67 0.00 4.55 
17 0.95 76.41 1.18 37.33 1.00 0.42 39.82 8.04 10.00 16.00 0.68 79.93 0.07 7.67 0,00 4.63 
18 0.95 76.58 1.04 37.33 1.00 0.42 38.68 7.74 10.33 17.00 0.68 79.97 0.03 8.00 0.00 4.46 
19 0.95 76.73 0.73 37,33 1.33 0.41 37,85 6.97 10.67 17.67 0.68 79.94 0.07 8.33 0,00 4.19 
20 0.95 76.80 0.69 37,67 1.33 0.41 37.50 7.85 11.00 17.67 0.68 79.87 0.13 9.00 0.00 4.01 
Full-Sib 0 0.75 74.86 10.38 0.00 0.00 0.25 35.47 34.63 0.00 0.00 0.50 65.10 15.64 0.00 0.00 -13,04 
1 0.81 77.12 4.95 3.00 0.00 0.28 38.78 33.49 0.00 0.00 0.55 69,09 9,84 0.00 0,00 -10.41 
2 0.84 77.38 4,76 7.33 0.00 0.28 37.30 33,99 0.00 1.67 0.56 71.21 9.43 0.00 0,00 -7.97 
3 0.88 77.93 4.38 17.00 0.00 0.31 38.92 26.25 0.00 4.33 0,60 73,82 6.02 0.00 0.00 -5.28 
4 0.90 78.21 2.97 22.00 0.00 0.31 38.51 20.23 0.33 5.33 0,61 75.40 4.15 0,00 0.00 -3.61 
5 0.92 78.45 2.73 24.67 0.00 0.34 40.26 23,18 0.33 7,67 0.63 76.50 3.52 0.00 0.00 -2.49 
6 0.93 78.43 2.39 28.00 0.00 0.35 40.28 28.50 1.33 9.00 0.64 77.64 2.89 0.33 0.00 -1.00 
7 0.95 78.76 2.53 32.00 0.00 0.34 38.48 21.59 1.67 10.00 0.65 78.70 1.40 0.33 0.00 -0.05 
8 0.95 78.64 2.21 34.00 0.00 0.35 37.92 23.61 1,67 11.67 0,65 79.01 0.92 0.67 0.00 0,51 
9 0.96 78.61 1.91 34,67 0.00 0.36 38.70 16.48 3.33 14.00 0.66 79.50 0.51 1.67 0.00 1.18 
10 0.96 78.26 1.99 35.33 0.00 0.38 39.10 14.31 3.67 14.67 0.67 79.67 0.34 2.00 0.00 1.86 
11 0.96 78.27 1.52 36.00 0.00 0.38 38.04 11,90 4.67 16.00 0,67 79,65 0.43 2.67 0.00 1,83 
12 0.97 78.47 0.70 36.33 0.00 0.37 36.64 8.79 6.00 17.00 0.67 79.88 0.12 3.33 0.00 1.87 
13 0,97 78.65 1.09 36,67 0.00 0.37 35.94 5.44 6.33 18.00 0.67 79.94 0.08 3.67 0.00 1.69 
14 0.97 78.62 1.08 36.67 0.00 0.38 35.72 6.51 7.33 18.33 0.67 79.95 0.08 4.67 0.00 1.73 
15 0.97 78.75 0.97 37.00 0.00 0.38 35,18 6.75 8.00 18.33 0.67 79.93 0.08 5.67 0.00 1.54 
16 0.97 78.64 0.87 37.33 0.33 0.38 34.91 6.68 8.67 18.33 0.67 79,96 0.05 6.67 0.00 1.71 
17 0.97 78.72 0.74 37.67 0.33 0.38 34,67 5.45 9.33 19,00 0.68 79.98 0.03 7.33 0.00 1.63 
18 0.97 78.61 0.82 37.67 0.33 0.38 34.88 6.68 10.00 19,67 0.68 79,99 0.01 8.00 0.00 1.79 
19 0.97 78.59 1.03 38,00 0.33 0.39 34.96 6.34 10.67 19.67 0.68 80,00 0.00 8.67 0.00 1.83 
20 0.97 78.61 1.14 38.00 0.33 0.39 35.15 5.00 11.00 19.67 0,68 80,00 0.00 9.00 0.00 1.79 
Table B,13 Progress from reciprocal recurrent selection for overdominance genetic model, and starting gene fre­
quencies Pyi = 0.5, Pb = 0.5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean °G AA aa Freq. Mean o% AA aa Heterosis% 
Half-Sib 0 0.50 54.93 26.23 0.00 0.00 0.50 55,38 30.06 0.00 0.00 0.50 55,35 17.67 0.00 0.00 -0.06 
1 0.54 57.19 19.93 0.00 0.00 0.54 57.88 18.26 0.00 0.00 0.55 57.56 15,44 0.00 0.00 -1.86 
2 0.56 56.07 22.24 0.00 0.33 0.58 57.72 23.69 0.33 0.00 0.57 59.16 12,98 0.00 0.00 1,54 
3 0.57 54.81 26.78 0.67 0.33 0.61 57.07 22.86 1.67 0.00 0.59 61.50 10.34 0,00 0,00 7.79 
4 0.58 52.96 18.03 2,67 0.67 0.63 56.03 18.37 4.00 0.67 0.61 62.51 10.08 0.00 0,00 11.54 
5 0.60 51.50 16.82 5,33 1.33 0.63 54.23 17.33 6.67 1,00 0.61 64.67 9.50 0.00 0.00 19.25 
6 0.63 50.48 19.61 8.00 2.33 0.66 54.30 18.11 7.67 1.33 0.64 66.76 6,43 0,00 0.00 22,97 
7 0.63 49.84 12.16 8.67 3.33 0.67 53,00 15.75 9.33 2.00 0.65 67.69 5,45 0,00 0.00 26.80 
8 0.63 48.38 11.57 11,00 3.67 0.66 52,45 15.05 12,00 2,33 0.65 68.31 5,07 0.33 0.00 29,98 
9 0.64 48.28 12.52 12,00 3.67 0.66 51.59 14.01 12.33 2,33 0.65 69.10 4.48 0.67 0.00 33.94 
10 0.63 47.26 10.55 14,33 5.33 0.67 51.00 11.46 13.67 2,67 0.65 69,92 2,99 1,00 0.00 36,77 
11 0.63 46.74 9,12 15.00 5.33 0,67 49.36 9.26 15.33 4.00 0.65 70.72 3.26 1,67 0.00 41,27 
12 0.63 45.70 12,05 15.67 6.67 0.67 48.52 11.61 17.33 5.00 0.65 71.49 2.54 2,33 0.00 43.65 
13 0.63 45.07 7.49 16.33 7.67 0,67 47.85 9.59 18.67 5.67 0.65 72.29 2.21 2.33 0.00 46.89 
14 0.63 43.78 7.90 18.33 8.00 0.66 47.37 10.24 19.00 5.67 0.64 72,60 1.95 3.00 0.00 49.18 
15 0.63 43.76 6,99 19,00 8.00 0,65 46.55 8.59 19.33 6.00 0.65 72.83 1.75 3.00 0.00 50.51 
16 0.64 43.89 5.92 19.33 8.67 0,64 45,32 7.65 19.67 7.00 0.64 73,17 1.63 3.00 0.00 52.86 
17 0.64 43.89 7.24 19.67 8.67 0.63 44,41 8.98 19.67 8.33 0.64 73.50 1.70 3,00 0.00 55.41 
18 0.63 42.49 6.28 20.00 9.33 0.63 43.56 7.65 20.00 8.67 0.63 74.25 1.30 3,00 0,00 61,40 
19 0.63 42.31 4.94 20.67 9.33 0.62 42.49 7,46 20.00 9.33 0.62 74.54 0.91 3,00 0.00 64.10 
20 0.63 42.15 4.90 21.00 9.67 0.62 42.04 6.72 21,00 9.33 0.62 74.73 0.91 3,67 0.00 64.81 
Full-Sib 0 0.50 54.93 26,23 0,00 0.00 0.50 55.38 30,06 0,00 0.00 0.50 55.35 17.67 0.00 0,00 -0.06 
1 0,53 56.93 24.54 0.00 0.00 0.54 57.74 26.67 0.00 0.00 0.54 57.34 15.51 0.00 0,00 -1.36 
2 0.56 56.51 23.97 0.00 0.00 0.57 57.71 31.96 0.00 0.00 0.56 58.70 15,11 0.00 0,00 0.30 
3 0,58 55.81 21.75 1.00 0.00 0.59 57.58 27.52 0.33 0.00 0.59 60.21 13.09 0.00 0,00 3.43 
4 0,59 53.69 20.99 2.33 0.33 0.61 57.43 25.15 0.67 0.00 0.60 62.13 11.14 0,00 0.00 8.22 
5 0.61 54.00 19.43 3.67 0.67 0.63 55,60 19.18 2.00 0.33 0,62 63.00 10.24 0.00 0.00 10.76 
6 0.62 52.90 14.59 7.67 1.33 0.64 53.71 14.53 6.67 1.33 0.63 64.57 8.12 1.00 0.00 17.58 
7 0.63 53.07 15,90 8.67 1.33 0.64 52.04 14.55 8.67 2.00 0.64 65.42 7.24 1.33 0.00 19.88 
8 0.66 54.30 16,22 9.33 1.67 0,66 51.71 9.43 10.33 2.67 0.66 66,21 7,17 1.67 0.00 20.25 
9 0.68 53.47 10.66 10,67 2.67 0,67 49.33 12.33 14.67 3.33 0.67 68,13 5.45 2.33 0.00 27.17 
10 0.67 51.43 14.87 14.00 3.00 0.67 48.51 8.69 16.33 4.33 0.67 69.76 4.17 2.67 0.00 35.63 
11 0,66 49.48 15.71 15.67 3.33 0.67 48.16 11.23 18.00 5.33 0.66 70.49 3.48 3.00 0.00 40.80 
12 0.66 48.00 14.08 16.33 3.67 0.67 47.59 7.98 19.00 5.33 0.66 71.22 2,32 3,67 0.00 45.09 
13 0.66 47.82 9.18 17.33 4,33 0.67 47.33 7.95 19.33 5.67 0.67 71.39 1.98 4,00 0,00 46.24 
14 0.66 46.94 10.85 18.67 5.00 0.67 47.25 6.62 20.33 6.00 0.67 71.94 2,17 4,33 0.00 49.52 
15 0.66 46.63 11.11 19.33 5.67 0.67 46.17 5.63 21.00 6.33 0.67 72.43 1,19 4,67 0,00 54.36 
16 0.66 45.17 9.17 20,33 6.67 0.67 46.33 7.91 21,33 6.67 0.66 72.86 1.26 4.67 0.00 56.81 
17 0,66 45.26 6.93 20.67 6.67 0.68 46.29 6.21 21,33 7.33 0.67 72.77 0.95 4.67 0.00 56.69 
18 0.65 43.99 7.35 21.00 7.00 0.68 45,72 4.76 22.00 8.00 0.67 72,97 0.91 5.00 0.00 61.36 
19 0.64 42.77 6,99 21.33 7.33 0.68 45.60 6.82 22.67 8.00 0.66 73,28 0.74 5.33 0.00 63.00 
20 0.63 42,01 4.97 21.33 8.00 0.68 45.50 5.12 22,67 8.00 0.66 73.45 0,77 5.33 0.00 63.93 
Table B.14 Progress from reciprocal recurrent selection for overdominance genetic model, additional generation of 
selfing, and starting gene frequencies P/j = 0.5, Pg = 0.5. 
R.RS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean AA aa Freq. Mean 4 AA aa Freq. Mean °G AA aa Het,erosis% 
Half-Sib 0 0.50 55.11 26.70 0.00 0.00 0.50 54.78 •26.36 0,00 0.00 0,50 54.71 20.44 0.00 0.00 -0.93 
1 0.53 56.73 25.58 0.00 0.00 0.54 57.63 20.35 0.00 0,00 0,54 57.15 17.67 0.00 0.00 -0.91 
2 0.56 56.64 25.49 0.67 0.00 0.58 57.65 26.62 0.67 0,00 0.57 59.36 11.33 0,00 0.00 2,98 
3 0.60 57.66 24.65 1.33 0.00 0.64 57,48 17,32 2.67 0,00 0,62 63.09 10.14 0.00 0.00 8.67 
4 0.61 55.20 26.51 5.00 0.33 0.67 55.96 13.90 5.67 0,67 0.64 65.01 6.94 0.00 0,00 14.92 
5 0.63 55.27 19.58 6.00 1.33 0.69 55.17 14.19 10.00 1.33 0.66 66.05 7,45 0.00 0.00 18,05 
6 0.64 53.45 18.57 8.00 2.33 0.70 54.38 11.31 11,33 1.67 0.67 68.09 5.09 0.00 0.00 25,36 
7 0.65 52.39 13.87 9.67 3.00 0.70 52.75 12.71 12.67 3.00 0.67 69,17 5.28 0.00 0.00 28,69 
8 0.64 50.25 14.28 12.33 3.00 0.71 50.92 8.62 16.33 4.33 0.67 70,20 3,25 1.00 0.00 35,29 
9 0.63 47.86 13.41 14.67 4.00 0.71 50.23 9.12 18.67 4,33 0.67 71,60 2.38 1.00 0.00 41,97 
10 0.61 44.59 13.71 15.67 5.33 0.70 48.62 6.67 20.00 4.67 0.66 72.73 1.72 1,33 0,00 49.82 
11 0.60 43.33 12.86 17.00 6.33 0.69 47.76 6.17 21.67 5.33 0.65 73.40 1.33 1.67 0.00 53,88 
12 0.57 40.18 11.60 17.67 8.33 0.69 47.01 9.04 22.67 6.00 0.63 74.09 1.44 2.33 0,00 58.02 
13 0.57 39.40 7.18 18.67 9.67 0.69 46.53 7.75 23.00 7.00 0,63 74.51 0.81 3.33 0,00 60,51 
14 0.57 38.94 7.68 19.00 10.67 0.69 45.96 5.89 23.00 7.33 0.63 74.54 0.74 3.33 0.00 62,65 
15 0.56 36.87 7.02 19.33 11.67 0.68 45.23 5.92 23.67 7.67 0.62 74.97 0,59 3,67 0.00 66,36 
16 0.55 35.13 3.63 20.33 13,67 0.68 44.22 3,84 24,00 9.33 0.61 75.36 0,33 5,00 0.00 70,65 
17 0.54 33.97 3.05 20.33 16.00 0.68 43.90 3.24 24.00 9.33 0,61 75.50 0.44 5.00 0.00 73.12 
18 0.53 33.50 2.01 20.33 16,00 0,68 43.52 2.15 24.33 9.33 0.61 75.59 0.28 5.33 0,00 74.84 
19 0.53 33.11 1.27 20.33 16,67 0,68 42.97 2.24 24.33 10.33 0.60 75.71 0.35 5.33 0.00 77.52 
20 0.53 33.08 1.75 20.33 17.00 0.67 42.47 2.19 24.33 10.33 0.60 75.92 0,24 5.33 0.00 79.97 
Full-Sib 0 0.50 55.11 26.70 0.00 0.00 0.50 54.78 '26.36 0.00 0.00 0.50 54.71 20,44 0,00 0.00 -0.93 
1 0.54 57.78 23.50 0.00 0.00 0.53 56.71 20.64 0.00 0.00 0.54 57.57 16,01 0.00 0,00 -0,37 
2 0.59 56.77 27.17 0.67 0,00 0.56 55.40 25.90 0.33 0.00 0.57 59,65 11,98 0,00 0,00 4,97 
3 0.61 55.57 27.34 1.33 0,33 0.60 56.04 20.03 2,67 0.00 0,60 62,45 10.04 0,00 0,00 10,51 
4 0.64 55.23 19.86 4.00 0,33 0.62 55,20 22.54 5.00 0.67 0.63 64.42 8.73 0,00 0.00 15.04 
5 0.66 54.25 13.76 6.00 1.00 0.62 53,12 17.62 6.33 1.67 0.64 66,32 7.08 0,00 0,00 21,57 
6 0.68 52.43 15.40 11.33 1.67 0.64 52.52 15.41 8.00 2.00 0,66 68.20 4.20 0.33 0,00 27.21 
7 0.68 50.20 12.36 14.67 3.33 0.65 50,42 15,50 11.33 3.33 0.66 69.71 3.50 1.00 0,00 34,83 
8 0.68 49.25 6.68 17.00 4,33 0.65 49.20 15.20 13.00 3.33 0.66 70.67 3.32 1.00 0.00 39.93 
9 0.68 48.04 6.07 18.67 4,67 0.64 46,48 10.09 15.33 4.00 0,66 71.83 2.31 1.67 0,00 46.37 
10 0.67 47.54 8.01 20.33 5.67 0.63 44,53 7.42 17.67 6.33 0.65 72.65 1.74 3,00 0,00 49.98 
11 0.67 46.38 5.68 20.67 6.00 0.62 42.75 6.96 18.67 8,33 0,64 73.20 1.34 3.00 0.00 55.09 
12 0.66 45.08 5.33 21.00 7.67 0.60 41.46 9.99 19.67 8.67 0,63 73.88 1.20 3.33 0.00 63,68 
13 0.66 44.27 5.75 21.33 8.00 0.59 39.72 7.61 20.33 10.00 0,62 74.70 0.81 3.67 0,00 69,17 
14 0.65 43.67 6.21 21.67 8.67 0.59 38.97 4.59 20.33 11.67 0.62 74.80 0.95 4,00 0,00 71.34 
15 0.64 42.72 8.62 22.00 8,67 0.58 37.88 4.12 20.67 13.00 0.61 75.26 0,88 4.00 0,00 76,36 
16 0.63 42.20 6.56 22.00 9,67 0.58 37.47 5.34 20,67 13.33 0.61 75.50 0.81 4.00 0,00 79,02 
17 0.63 41.13 5.01 22.33 11.00 0.57 36,67 5.06 21.00 13.67 0.60 75.68 0.58 4,33 0.00 84,08 
18 0.63 40.37 3.81 22.33 11.00 0.56 35.82 2.17 21,00 14.67 0.60 76.00 0.41 4.33 0,00 88.26 
19 0.63 39.74 1.98 22.67 12.00 0.56 35,33 2.30 21.33 15.33 0,59 76.25 0.20 4,33 0.00 91,97 
20 0.63 39.84 2.62 23.00 12.33 0.56 34.89 2,87 21.33 15.33 0.59 76,28 0.32 4.67 0,00 91.76 
Table B.15 Progress from reciprocal recurrent selection for overdominance genetic model, and starting gene fre­
quencies P,\ = 0,75, PQ = 0.25. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean <Tq AA aa Freq. Mean Oy AA aa Freq. Mean °G AA aa Hcterosis% 
Half-Sib 0 0.75 63.68 8.68 0.00 0.00 0.25 33.88 31.44 0.00 0.00 0.50 61,46 15.47 0.00 0.00 -3.48 
1 0.79 63.98 6.92 1.00 0.00 0.25 33.74 24.32 0.00 0.67 0.53 64,05 13.37 0.00 0,00 0.12 
2 0.83 62.93 7.56 7.00 0.00 0.25 31.68 33.31 0.00 3.00 0.54 66,42 9.73 0,00 0,00 5.55 
3 0.85 61.71 6.45 13.67 0.00 0,25 29.88 27.96 0.00 7.00 0,55 68,24 8.84 0.00 0.00 10.67 
4 0,87 61.27 6.51 16.67 0.00 0,24 28.27 19.98 0.00 10.67 0.55 69.18 6.98 0,00 0,00 12,95 
5 0.88 60.79 5.05 19.00 0.00 0.24 27.67 18.98 0.00 12.67 0,56 70.30 5.01 0.00 0.00 15,69 
6 0,89 60.72 4.30 22.33 0.00 0.25 27.17 18.82 0.33 15.00 0.57 71.23 6.06 0.00 0.00 17,33 
7 0.91 60.21 4.18 25.33 0.00 0.24 26.11 20.74 0.33 16.00 0.57 72.59 4.22 0,00 0.00 20,58 
8 0.92 60.18 3.71 29.00 0.00 0.23 24.18 14.90 0.67 18.00 0.58 73.37 3.01 0.00 0.00 21,93 
9 0.93 59.69 2.98 30,67 0.00 0.22 22,05 11.98 1.00 19.33 0.58 74.24 2.80 0,00 0.00 24,38 
10 0,94 59.48 2.81 31.33 0.00 0.22 21.45 11.82 1.00 20.67 0.58 74.91 1,85 0.00 0.00 25.96 
11 0.94 59.16 2.21 34.00 0.33 0.21 20.13 13.23 1.33 22.00 0.57 75.37 1.92 0.33 0.00 27.42 
12 0.93 58.80 2.78 34.00 0.33 0,20 19.32 9.82 2.00 22.33 0.57 75.42 1.97 0.33 0.00 28.28 
13 0.94 59.00 2.62 34.00 0.33 0.20 18.83 10.97 3.00 23.33 0.57 75.96 1,31 1.00 0.00 28.74 
14 0.94 58.58 3.16 34.00 0.33 0.20 18.20 10.49 3.33 23.33 0.57 75,90 1.50 1.33 0.00 29.56 
15 0.94 59.02 2,64 34.00 0.33 0.20 17.32 7.20 3.33 24.00 0.57 75,96 1.56 1.33 0.00 28,72 
16 0.94 58.87 2.16 34.33 0.33 0.19 16.18 6.18 4.00 25.00 0.57 76,43 0.98 1.67 0.00 29,84 
17 0.94 58.38 2.31 35.33 0.33 0.19 15.23 3.78 4.00 28.00 0.56 76,56 0.98 1.67 0.00 31,18 
18 0.94 58.63 2.13 35.67 0.33 0.18 14.50 4.97 4.00 28.67 0,56 76.89 0.82 1.67 0.00 31,23 
19 0.94 58.38 2.81 36.00 0.33 0,18 14,07 3.60 4.00 29.00 0.56 76.98 0.65 1.67 0.00 31,98 
20 0.95 58.60 2.23 36.00 0.33 0.18 13.38 3.89 4.00 29.33 0,56 77.19 0.59 1.67 0,00 31.85 
Full-Sib 0 0.75 63.68 8.68 0.00 0.00 0.25 33.88 31.44 0.00 0.00 0.50 61.46 15747D.00 0.00 -3.48 
1 0.80 64.05 5.88 1.00 0.00 0.24 32.99 23.12 0,00 1,00 0,52 64.06 14.98 0.00 0.00 0.01 
2 0.84 62.46 8.50 7.00 0.00 0.23 30,48 25.99 0.00 2.33 0.53 66.25 11.54 0.00 0.00 6.07 
3 0.86 61.53 6.71 14.00 0.00 0.23 28.65 30.13 0.00 6,33 0.54 67.96 7.55 0.00 0.00 10.47 
4 0.88 61,31 5.52 17.00 0.00 0.23 27.87 25.85 0.33 9.33 0,56 69.00 8.19 0.00 0.00 12,56 
5 0.89 60.30 4.16 21.33 0.00 0.23 26.91 19.81 0,33 12.33 0,56 70.12 6.07 0.00 0.00 16.30 
6 0.91 60.05 3.74 25.33 0.33 0.23 26.11 20.34 0,67 15.67 0.57 71.44 4.79 0.33 0.00 18.98 
7 0.92 59.48 3.22 29.67 0.33 0.22 23.33 13.92 1.00 18.33 0.57 72.24 4.70 0,33 0,00 21.45 
8 0.94 59.72 2,49 32.00 0.33 0.21 21,51 10.93 1.33 19,67 0,58 73.56 3.45 0.67 0.00 23,19 
9 0.96 59.59 1.66 33.33 0.33 0.21 21.10 10.93 1.33 21.67 0.59 74.31 2.26 0.67 0.00 24.71 
10 0.96 59.30 1.61 35.33 0.33 0.21 20.40 12.73 1,33 22.33 0.58 74,72 1.58 0.67 0.00 26.01 
11 0.96 59.26 1.23 36.00 0.33 0.20 18.97 11.16 1.33 23.67 0.58 75.35 1.55 0.67 0,00 27.15 
12 0.97 59.12 1.10 36.67 0.33 0.20 18.38 9.18 1.33 25.00 0.58 75.67 1.23 0.67 0.00 28.02 
13 0.97 58.93 0.62 37.00 0.67 0.19 17.39 7.07 2.33 26.00 0,58 75.97 1.23 1.33 0.00 28,95 
14 0.97 58.81 0.54 37.67 0.67 0.18 16.27 8,11 2.33 26.00 0.58 76.49 0.68 1,33 0.00 30,12 
15 0.97 58.63 0.36 38.33 0.67 0.18 15.94 8.35 2.33 26.67 0.58 76.70 0.55 1,67 0.00 30,87 
16 0.97 58.55 0.25 38.33 1.00 0,17 14.80 7.47 2.33 27.33 0,57 77.07 0.50 1.67 0,00 31,70 
17 0.97 58.57 0.20 38.33 1.00 0.17 13.88 5.61 2.33 28.33 0.57 77.15 0,45 1.67 0.00 31.80 
18 0.97 58.42 0.33 38.33 1.00 0.16 13.56 5.25 3.33 28.67 0,57 77.20 0.38 2.00 0.00 32,23 
19 0.97 58.53 0.18 38.33 1.00 0.16 12.92 3,59 3,33 28.67 0,57 77.30 0.27 2.00 0.00 32.15 
20 0.97 58.46 0.26 38.33 1.00 0.16 12.63 3,73 3.67 29.33 0,56 77.42 0.22 2.33 0.00 32,52 
Table B.16 Progress from reciprocal recurrent selection for overdominance genetic model, additional generation of 
selfing, and starting gene frequencies P,i = 0.75, Pg = 0.25. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci 
°G 
Fixed Loci 
Freq. Mean a\ AA aa Freq. Mean a2G AA aa Freq. Mean AA aa Heterosis% 
Half-Sib 0 0.75 63.56 9.64 0.00 0.00 0.25 33.51 39.25 0.00 0.00 0.50 6L28 19.85IJ.00 0.00 -3.59 
1 0.82 63.79 6,02 1.67 0.00 0.26 35,17 30.83 0,00 0,67 0.54 65.11 11.29 0.00 0.00 2.08 
2 0.87 62.69 4.95 10.00 0.00 0.26 33.47 31,92 0.00 2,33 0.56 67,86 7.55 0.00 0.00 8.25 
3 0.90 62.22 4.41 16.67 0.00 0.24 29,82 26.15 0.00 6.00 0.57 69.89 6,55 0.00 0.00 12,33 
4 0.92 61.65 2.84 23,00 0.00 0.23 27.47 24.56 0.33 9.67 0.58 72,03 4,70 0.00 0.00 16,88 
5 0.94 60.92 2,13 28.00 0.00 0,22 25.40 15.15 0.33 13.00 0,58 73.39 3.22 0.00 0,00 20,49 
6 0.95 60.58 1.88 31.67 0.00 0.22 23.92 22,44 0.33 15.67 0,59 74.34 2.49 0.00 0.00 22.72 
7 0.96 60.23 1.63 33.33 0.00 0.22 23.77 16.12 0.33 16.33 0.59 74.93 1,99 0.00 0,00 24.42 
8 0.96 59.75 1.67 36.00 0.00 0.21 22.05 15.94 1.33 18.67 0.59 75.61 1.35 0.67 0.00 26.55 
9 0.97 59.44 1.02 36,67 0.00 0.21 21.23 17.68 2.33 19.67 0.59 75,80 1.20 1,00 0.00 27.53 
10 0.97 59.34 0.92 37.00 0.33 0.20 19.37 9.85 2.33 22.00 0.58 76,30 0.90 1.00 0,00 28.58 
11 0.96 58.93 0.90 37.33 0,33 0.19 18.25 9,36 2.33 22,67 0.58 76,54 0.64 1.00 0.00 29,88 
12 0,97 59.02 0.61 37.67 0.67 0.18 17.13 6,86 2.67 25,33 0,58 76,71 0.50 1.00 0.00 29,99 
13 0,97 58.73 0,83 37.67 0,67 0,18 16.64 7.58 3.00 26.00 0.58 76.87 0.44 1.33 0.00 30.89 
14 0,97 58.46 0.61 38.00 0,67 0.16 13.77 6.53 3.00 27.67 0.56 77.39 0.40 1.33 0.00 32.39 
15 0.96 58.05 0.57 38.33 1.00 0.16 12.69 5,92 3,67 28,00 0.56 77.61 0.25 2.00 0.00 33,71 
16 0.96 58.15 0.70 38.33 1.00 0.15 12.26 4.39 3.67 29,00 0.56 77,67 0.25 2.00 0.00 33,58 
17 0.96 57.79 0.56 38.33 1.00 0.15 11.45 4.98 3.67 30.00 0.55 77.85 0.26 2,00 0.00 34.78 
18 0.96 57.62 0.20 38.33 1.33 0.13 10.03 3.40 3.67 31.67 0.54 78.21 0.16 2,00 0.00 35.82 
19 0.96 57.62 0,20 38.33 1.33 0.12 9.19 3.02 3.67 32.00 0.54 78.35 0.16 2,00 0.00 36.06 
20 0.96 57.62 0.20 38.33 1.33 0.12 8.88 2.28 3.67 32.67 0.54 78.37 0,11 2.00 0.00 36.09 
Full-Sib 0 0.75 63.56 9.64 0.00 0.00 0.25 33,51 39/25 0.00 0.00 0.50 61.28 19.85 0.00 0,00 -3.59 
1 0.82 64.19 5.36 1.67 0.00 0.25 33.95 32.92 0.00 0.33 0.53 65.00 9.99 0.00 0.00 1,27 
2 0.86 62.93 6.16 7.67 0.00 0,25 32.84 34.65 0,00 1.33 0.55 67.38 8.70 0.00 0.00 7,07 
3 0.89 62.57 3,36 12.00 0.00 0.23 29.37 40.12 0.00 5,67 0.56 69.64 6.48 0.00 0.00 11.32 
4 0.92 61.92 2.02 20.67 0.00 0.22 27.91 30.74 0,00 8.67 0.57 71.81 4,69 0.00 0.00 15.98 
5 0.94 61,43 1.65 25.67 0.00 0.21 25.57 25.73 0.00 12.00 0.57 72.78 3,69 0.00 0.00 18.48 
6 0.96 60.88 1.31 30.67 0.00 0.19 23.17 24.53 0,00 16.67 0.57 74.29 3.01 0,00 0.00 22.02 
7 0.97 60.35 0.90 35.33 0.00 0.19 21.76 20.13 0,33 18.33 0.58 75,26 1.91 0,33 0,00 24.72 
8 0.98 60.13 0.84 36.67 0.00 0.17 19.29 16,83 0.67 21.00 0.58 75,97 1,42 0,33 0,00 26.34 
9 0.99 60.15 0,56 37.33 0.00 0.15 16.69 11.76 0.67 23.33 0.57 76.61 0.96 0.33 0.00 27.37 
10 0,98 59.90 0.67 38.00 0.00 0.15 15.12 9.99 0.67 25.00 0.57 76.80 0.77 0.33 0.00 28.20 
11 0.98 59.80 0.72 38.33 0.00 0.14 14.11 10.16 1.33 27.33 0.56 77.21 0.70 0,67 0.00 29,11 
12 0.98 59.71 0.90 38.33 0.00 0.13 12,44 8.85 1.67 28.33 0.56 77.51 0.60 1,00 0.00 29.80 
13 0.98 59.41 1.14 38.67 0.00 0.12 11.67 5.47 1.67 29.33 0.55 77,60 0.63 1,00 0,00 30,63 
14 0.98 59.21 0.50 39.00 0.00 0.13 11.15 3,40 1,67 30.67 0.55 77,73 0.27 1.00 0.00 31.28 
15 0.98 59.00 0.35 39.00 0.33 0,11 9.97 3,98 2,00 31,67 0.55 77.86 0.34 1.33 0.00 31.97 
16 0.98 58.86 0.31 39.00 0.67 0,10 8.93 3.59 2,00 32.67 0.54 78.04 0.37 1.33 0.00 32.60 
17 0,98 58,86 0,32 39,00 0.67 0,11 8.88 3.32 2.00 33.00 0.54 78.14 0.27 1.33 0.00 32,79 
18 0.98 58,82 0.32 39.00 0.67 0.10 8.55 2,39 2.33 33.00 0.54 78.20 0.20 1.67 0.00 32.98 
19 0.98 58.58 0.15 39.00 0.67 0.11 8.79 2.67 2.33 33.00 0.54 78,22 0.21 1.67 0.00 33.56 
20 0.97 58.50 0.00 39.00 1.00 0,10 7.86 2.31 2.33 33.33 0.54 78.40 0.20 1.67 0.00 34.07 
Table B.17 Progress from reciprocal recurrent selection for complete dominance and additive x additive interac­
tions genetic model; starting gene frequencies PA = 0,5, Pg = 0.5, 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean °C, AA aa Freq. Mean (T2g AA aa Heterosis% 
Half-Sib 0 0.51 32,34 12,12 0.00 0.00 0.50 32,21 11.45 0,00 0.00 0,50 32.19 9.53 0.00 0.00 -0.60 
1 0.55 34.72 7.83 0.00 0.00 0.55 35,03 8.84 0,00 0,00 0,55 34.61 7.62 0.00 0,00 -1.54 
2 0.58 36.03 9.98 0,33 0.00 0.58 36.64 13.07 0.00 0.00 0.58 36.37 9.06 0.00 0.00 -1,58 
3 0.61 38.03 9.99 2.00 0.00 0.62 39,06 10.61 0.67 0.00 0.62 38,95 7.57 0.00 0.00 -2.26 
4 0.64 39.92 10.12 3.00 0.00 0.66 41.52 12.15 2.67 0.00 0.65 41,18 7.79 0,33 0.00 -1.81 
5 0.65 40,56 13.32 4,67 0.33 0.69 43,66 9.68 6.67 0.67 0.67 42,45 8.21 1,00 0.00 -3.49 
6 0.69 44.29 12.04 7.67 0.67 0.71 45.60 13.84 9.67 0.67 0.70 45,03 9.13 3.00 0.00 -5.15 
7 0.71 45.29 13.55 9,67 1.67 0.74 48,28 11.54 12.00 1.00 0.72 46,90 9.81 4.00 0,00 -4,05 
8 0.72 46.76 12.58 11.67 2.00 0.75 50.28 6.59 16.33 1.33 0.74 48.41 7.69 5.67 0.00 -4.47 
9 0.75 49.40 6.48 14.67 2,67 0,76 51,01 7.58 18,00 1.67 0.75 49,83 5.94 8.33 0.00 -4.42 
10 0,75 50.61 10.14 17.00 2,67 0.77 52.64 11,24 19.00 2.00 0,76 51,41 6.77 10.00 0.00 -3.62 
11 0.79 53.80 5.96 20.33 3,33 0.79 54,41 9.17 21.67 2.00 0.79 53.78 5.99 13.67 0.00 -4.25 
12 0.81 56.07 6.35 22.33 3.33 0.80 55.78 8.88 22.67 2.33 0.80 55,58 5.81 14.67 0.00 -4.49 
13 0.81 57,04 8.22 23.67 3,33 0.81 57.27 10.19 23.67 2.33 0.81 56,92 5.62 15.33 0.00 -3.27 
14 0.83 58.91 5.35 25.33 3.33 0.83 58.55 4.85 25.67 2.33 0.83 58,26 4.47 18.33 0.00 -4.04 
15 0.84 59.91 6.24 26.67 3.67 0.84 60,17 3,67 27.33 2.33 0.84 59.53 3.51 20.00 0.00 -3,77 
16 0.84 60.48 4.03 27.33 4.00 0.84 60.75 4.02 28.00 2,33 0.84 60.29 3.29 20.67 0.00 -2,85 
17 0.85 61.76 4.85 28.67 4.33 0.85 61.58 4.51 29.00 2.67 0.85 61.29 3.50 22.33 0.00 -2,82 
18 0.86 62.69 2.89 30.67 4.33 0,86 63.01 3.35 30.33 2.67 0.86 62.58 2.22 24.33 0.00 -2.81 
19 0.86 63.02 3.73 31.00 4.33 0,87 63.56 2.78 30.67 3.00 0.86 63.01 2.11 25.00 0.00 -2,21 
20 0.86 63.46 4.44 31.67 4.33 0,87 63.94 3.78 32.00 3.00 0.87 63.38 2.16 26.00 0.00 -3.09 
Full-Sib 0 0.51 32.34 114.12 0.00 0.00 0.50 32.21 11.45 0.00 0.00 0.50 32.19 9.53 0.00 0.00 -0.60 
1 0.53 33.52 11.75 0.00 0.00 0,53 33,81 11.85 0.00 0.00 0.53 33,51 8.07 0.00 0.00 -3.35 
2 0.57 35.81 10.49 0.00 0.00 0.59 36.81 12.06 0.00 0.00 0.58 36.34 8.04 0.00 0.00 -1.48 
3 0.62 38.53 8.10 0.33 0.00 0.61 38.63 13.72 0.67 0.00 0.62 38,75 8.27 0.00 0.00 -1.85 
4 0.64 40.09 8.36 2.00 0.00 0.65 40.73 8.65 1.33 0.00 0.64 40.56 6.76 0,00 0.00 -1.63 
5 0.67 41.95 11.94 3,67 0.33 0.67 42.03 9.93 4.67 0.33 0.67 42.34 7.16 0,33 0.00 -1.31 
6 0.70 44.70 12.07 7,67 0.67 0.68 43,20 13.12 6.67 0.67 0.69 44.22 8.16 1.67 0.00 -3.05 
7 0.72 47.23 8.94 12.33 1.33 0.72 46,40 19.34 8.67 1.00 0.72 46.68 7.57 3.00 0.00 -4.85 
8 0.74 48.81 9.17 13.33 1.33 0,74 48.10 12,14 10.67 1.33 0.74 48.04 7.23 4,33 0.00 -4.74 
9 0.75 50.30 9.44 15.67 1,33 0.76 50.57 7.94 13.67 1.67 0.76 50,01 6.73 5.67 0.00 -4.94 
10 0.77 52.71 8.64 18.33 1.67 0,79 52.98 9.85 16.00 1.67 0.78 52.46 5.67 7.67 0.00 -4.79 
11 0.79 54.88 6,60 21.67 2.33 0.79 53.52 8.65 18.33 2.00 0.79 53.52 5.53 11.00 0.00 -6.18 
12 0.80 56.06 7.36 23.00 2.67 0.81 55.25 10.80 20.00 2.33 0.80 55.26 6.20 13,00 0,00 -4.45 
13 0.82 58.10 7.62 24.67 2.67 0.82 57.07 8.35 22.00 2.67 0.82 56.97 5,72 15.00 0.00 -4.23 
14 0.83 59.38 7.21 26.00 2,67 0.83 58.57 6.76 23.00 2.67 0.83 58,54 5.50 16.33 0.00 -4.20 
15 0.85 61.33 6.64 27.33 2.67 0.85 60,73 5.86 26,00 2.67 0.85 60,37 4.36 18,33 0,00 -4,61 
16 0.86 63.37 5.43 28.00 2,67 0.86 62.15 4.01 28.67 3.00 0.86 62.17 3,76 20,33 0.33 -4,01 
17 0.87 64.55 4.90 29.33 2.67 0.86 62,47 3.37 28.67 3.00 0,87 62,87 3.41 21.00 0.33 -4.35 
18 0.88 65.47 3,65 31.00 2.67 0.86 62,65 3.74 30.33 3.33 0,87 63,33 2.95 23.67 0.67 -3,37 
19 0.88 66.19 2.39 32.33 2.67 0.87 64,26 3.50 32,33 3.33 0.88 64,49 2.88 26.00 0.67 -2,79 
20 0.89 66.75 1.93 32,67 2.67 0.88 65.21 2.75 33.00 3.33 0.89 65.26 1.88 27.00 0.67 -2,84 
Table B.18 Progress from reciprocal recurrent selection for complete dominance and additive x additive interac­
tions genetic model; additional generation of selfing; starting gene frequencies PA = 0.5, PB = 0,5, 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean v'g AA aa Freq. Mean ff2a AA aa Heterosis% 
Half-Sib 0 0.50 31.89 10.09 0.00 0,00 0,49 31.44 12.73 0.00 0.00 0.49 31.69 8.62 0.00 0.00 -0.63 
1 0.55 34.91 8,52 0.00 0.00 0.57 35.96 12.79 0.00 0.00 0.56 35.27 8.09 0.00 0.00 -4.01 
2 0.59 37.07 13.05 0.33 0.00 0.59 37.42 11.47 0.33 0.00 0.59 37.42 9,30 0.00 0.00 -3.03 
3 0.66 42.23 7,58 2.67 0.33 0.65 41.06 9.82 2.67 0.33 0.65 41.75 7.58 0.00 0.00 -4.44 
4 0.70 45.13 10.30 8.00 0.33 0.70 45.77 10.22 6.33 0.33 0.70 45.63 7.54 1.00 0.00 -1.83 
5 0.74 49.23 10.54 13.67 0.67 0.73 48.20 8.38 9.67 0.67 0.74 48.74 7.09 3.33 0.00 -1.05 
6 0.78 52.50 9.31 16,67 0.67 0.77 51.83 9.32 13.00 1.00 0.77 51.87 6.23 5,33 0.00 -2.10 
7 0.82 56,57 8.40 20.00 0.67 0.81 56.17 9.18 17.33 1.00 0.81 55.66 7.93 8.00 0.00 -3.17 
8 0.86 60.58 8.66 22.67 0.67 0.83 58.97 11.83 21.33 1.00 0.84 59,22 8.22 11.33 0.00 -2.92 
9 0,88 63.76 5.37 26.00 1.00 0.85 61.73 7.63 23.33 1.00 0.86 62.22 6.40 15.00 0.33 -3.54 
10 0.90 66.80 5.55 29.00 1.67 0.86 63.32 5.71 25.67 1,33 0.88 64,90 5.22 19.00 0,33 -3.86 
11 0.92 68.66 4.26 31.00 1.67 0.87 64.65 6.44 27.33 1.33 0.89 66,21 3.96 21.00 0.33 -3.98 
12 0.93 70.71 2.17 33.67 1.67 0.88 66.03 5.79 29.67 1.33 0.91 68.03 3.49 25,00 0.33 -4,39 
13 0.94 71.63 1.86 35.00 1.67 0.89 67.33 2.49 32.33 1.33 0.91 68.95 2.00 28,33 0.33 -5.47 
14 0.94 71.95 1.84 35.67 1.67 0.90 68.37 2.11 32.67 2.00 0.92 69.76 2.04 29.33 0.33 -4,86 
15 0.94 72.57 1.49 36.33 1.67 0.91 69.31 1.75 33.67 2.00 0.93 70.70 1.19 31.00 0.33 -3.83 
16 0.95 72.87 2.18 36.33 1.67 0.91 69.86 1.00 34,67 2,00 0.93 71.26 1.05 31.67 0.33 -3.23 
17 0.95 73.05 1.88 36.33 1.67 0.92 70.31 0.97 35.33 2.33 0.93 71.61 0.75 32.00 0.33 -2.73 
18 0.95 74.13 0.29 37.67 1.67 0.92 70.54 1.02 35.67 2.33 0.94 72,13 0.19 33.67 0.33 -2.73 
19 0.96 74.29 0.15 38.00 1.67 0.93 70.91 0.67 36.00 2.33 0.94 72,24 0.17 34.33 0.33 -2.81 
20 0.95 74.12 0.19 38.00 1.67 0.93 70.87 0.60 36.00 2.33 0.94 72.21 0.18 34.33 0.33 -2.61 
Full-Sib 0 0.50 31.89 10.09 0.00 0.00 0.49 31.44 12.73 0.00 0.00 0.49 31.69 8.62 0.00 0.00 -0.63 
1 0,56 35.28 7.42 0.00 0.00 0.55 35.15 7.15 0.00 0.00 0.56 35,38 6.31 0,00 0,00 -0.28 
2 0.61 37.90 10.78 0.67 0.00 0.60 37.52 7.61 0.67 0.33 0.60 37.88 6.55 0.00 0.00 -0.43 
3 0.67 41.91 13.35 4.00 0.00 0.63 39.35 7,92 2,33 0.67 0.65 41.29 7.16 0,00 0,00 -1,46 
4 0.72 46.18 13.40 7.33 0.00 0.66 41,62 7.17 4.67 1.00 0.69 44.30 7.77 0,00 0.00 -3,68 
5 0.76 49.07 12.68 11.00 1,00 0.70 44,39 10.81 7.33 1.00 0.73 46.88 8.44 1.00 0.00 -4.29 
6 0.80 53.85 12.33 15.00 1,00 0.74 48.90 8.75 12.33 2.00 0.77 51.42 7.64 4.67 0.00 -4,53 
7 0.83 58,16 11.86 18.67 1,33 0.76 51.85 7.40 15.33 2.33 0.80 54.29 6.70 7.33 0.00 -6.71 
8 0.86 61.41 6.19 23.67 1.33 0.79 55,18 6.83 20.00 3.00 0.82 57.42 5.35 12.67 0.00 -6.58 
9 0.87 63.97 4.76 27.00 1.33 0.81 56,81 7.43 23.00 3.00 0,84 59.52 4.09 16.67 0.00 -7.03 
10 0.89 65.69 5.55 29.67 1.33 0.83 59.38 7.31 24.67 3.33 0,86 61.63 3.94 20.00 0.00 -6.25 
11 0.90 66.77 3.45 30.67 1,67 0.85 61.64 5.37 28.00 3.67 0.87 63.04 3.39 23.00 0.00 -5.64 
12 0.91 68.04 2.80 31.67 1,67 0.86 63.49 3.95 30.00 3.67 0.88 64.63 2.29 25.67 0,00 -5.10 
13 0.92 69.59 3.42 33.67 1.67 0.88 65.36 2.15 31.33 3.67 0.90 66.24 1.93 27.33 0.00 -4.90 
14 0.93 70.91 3.83 34.33 1.67 0.89 66.19 2.25 32.00 3.67 0.91 67.19 1,79 28.33 0.00 -5.36 
15 0.94 72.01 2.75 35.00 1.67 0.89 67.11 1.54 33.67 3.67 0.92 68,16 1.19 30.33 0.00 -5,53 
16 0.94 72.54 2.68 35.67 1.67 0.90 67.60 1.24 34.33 3.67 0.92 68.62 0.95 31.00 0.00 -5,59 
17 0.94 72.98 2.42 36.00 1.67 0.90 67.55 0.91 34.67 3.67 0.92 68,95 0.53 31.67 0.00 -5.69 
18 0.95 73.61 2.25 36,33 1.67 0.90 67,79 1.03 34.67 3.67 0.92 69.05 0.53 32.00 0,00 -6,40 
19 0.96 74.64 1.11 36,67 1.67 0.90 68,17 0.44 35.33 3.67 0.93 69.51 0,11 33.00 0.00 -7.06 
20 0.95 74.62 0.98 37.33 1.67 0.90 68.20 0.25 35,33 3.67 0.93 69,48 0.11 33.33 0.00 -7.06 
Table B.19 Progress from reciprocal recurrent selection for complete dominance and additive x additive interac­
tions genetic model; starting gene frequencies PA = 0.75, Pg = 0.25. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci 
°G 
Fixed Loci Fixed Loci 
Freq. Mean a2Ci AA aa Freq. Mean AA aa Freq. Mean <4 AA aa Heterosis% 
Halt-Sib 0 0.75 49.03 20.14 0.00 0.00 0.25 17,76 11.65 0.00 0.00 0.50 33.83 5.88 0.00 0.00 -31,00 
1 0.79 52.62 17.84 0.67 0.00 0.27 18,72 11.05 0.00 0.00 0,53 35.42 5.09 0.00 0,00 -32.68 
2 0.82 55.49 23.82 4.33 0.00 0.28 19.32 10.92 0,00 1.00 0.55 36.62 4.60 0.00 0.00 -34,00 
3 0.84 57.87 15.10 9.33 0.00 0.28 18.81 8.88 0.00 3.00 0.56 37.40 3.85 0.00 0.00 -35,27 
4 0.86 59.56 14.24 12.67 0.00 0,30 19.58 6.67 0.00 3,67 0.58 38.33 3.47 0.00 0.00 -35,54 
5 0,87 60.68 11.75 17.00 0,00 0,32 20.68 7.68 0.00 4.33 0.60 39.07 3.51 0.00 0.00 -35,54 
6 0.89 63.37 11.34 21.00 0.00 0.36 22.11 6.37 0.67 6.00 0.62 40.68 3,92 0.00 0.00 -35,69 
7 0.89 63,17 8.77 23.33 0.00 0.38 23.33 8.41 2,00 7,00 0.64 41.24 3.75 0.67 0.00 -34,61 
8 0.89 63.29 9.10 25.33 0.00 0.42 25.23 6.66 2.67 8,00 0.65 42,07 4,06 1.00 0,00 -33.42 
9 0.90 64.19 9.28 26,33 0.33 0.43 25.86 5.86 3,33 8.67 0,66 42,91 3,92 1.67 0.00 -33.01 
10 0.91 65.61 10.70 28.67 0.33 0,45 26.87 6.56 4.00 9.00 0.68 43.70 3,96 2.33 0.00 -33.22 
11 0.91 66.77 7.14 29.33 0.33 0.45 27.25 5.83 5.00 9.67 0.68 44.60 3.91 3.33 0.00 -32.98 
12 0.92 67.76 5.60 30,67 0.33 0.46 27.60 6.54 7.00 10.67 0.69 44.99 3.31 5.33 0.00 -33.44 
13 0.92 67.96 6.85 32.00 0.33 0.48 29.12 5.13 8,33 11.33 0.70 46.10 2.82 6.00 0.33 -31,99 
14 0.92 68.32 7.44 32.33 0,33 0.49 30.26 6.24 9,00 11,33 0.71 46,75 3,51 6.33 0.33 -31.49 
15 0.93 69.19 6.93 33.33 0.33 0,50 30.83 7.05 10.00 11.33 0.72 47,27 3.76 7.67 0.33 -31.61 
16 0.93 70.01 5.74 34.00 0.33 0,52 32.12 7.09 10.67 11,67 0.72 48.05 3.45 8,33 0.33 -31,34 
17 0.94 70.42 6,60 34.00 0.33 0.54 33.92 3.99 13,00 12.33 0.74 49.35 2.17 10,67 0,33 -29.91 
18 0.94 70.50 6.66 34.00 0.33 0.55 34.88 4.41 14.67 12.67 0,74 50.00 2,04 12.00 0.33 -29.05 
19 0.95 71.71 6.61 34.00 0.33 0.55 35.04 3.76 15.33 12.67 0.75 50.31 2,09 12.33 0,33 -29,77 
20 0.96 73.08 6.99 34.67 0.33 0.56 35.68 1.82 17.33 12.67 0.76 51.16 1.30 14.33 0.33 -29,95 
Full-Sib 0 0.75 49,03 20,14 0,00 0.00 0.25 17.76 11.65 0.00 0.00 0.50 33.83 5.88 0.00 0,00 -31,00 
1 0.78 50.81 18.51 0.33 0.00 0.28 19.29 9.31 0,00 0.67 0.52 34.92 5.10 0.00 0.00 -31,29 
2 0.81 53.71 16.19 3.33 0.00 0.27 18.53 6.69 0.00 2.00 0.54 35.89 4.33 0.00 0.00 -33,16 
3 0.82 55.50 18.28 7.33 0.00 0.29 19,01 6.57 0.00 4.00 0.55 36,71 3.57 0.00 0.00 -33,79 
4 0,85 58.51 14,83 11.67 0.00 0.30 19,17 6.22 0.00 4.67 0.58 37.84 3,53 0.00 0.00 -35,15 
5 0.87 60.85 16.67 17.33 0.00 0.33 20.27 6.05 0.00 5.67 0.60 38.73 3.35 0.00 0.00 -36,22 
6 0.89 64.06 11.65 20.33 0.00 0.33 20.34 6.33 0.33 8.33 0.61 39.87 2.91 0,00 0.00 -37,64 
7 0.90 65.71 11.02 24.00 0.00 0.34 20.69 6,73 1.33 9.67 0.62 40.68 3.24 0,67 0,00 -38,03 
8 0.91 66.10 9.78 25.00 0.00 0.36 21.93 6.90 1.33 11.00 0.63 41.80 3.75 0.67 0.00 -36.67 
9 0.92 68.12 11,56 27.33 0.00 0.38 23.30 5.98 3.00 12.00 0.65 43.12 3,12 1.67 0.00 -36,64 
10 0.94 71.14 7.37 29.67 0.00 0.40 24.33 5.21 3,67 12,33 0.67 44.28 3.32 2,00 0.00 -37.72 
11 0.95 71.74 8.41 32.00 0.00 0.41 25.35 4.92 4.67 13.67 0.68 45.37 2.87 3,67 0.00 -36,67 
12 0.94 71.86 6.47 32.67 0.00 0.43 26.70 3.84 5.67 14.00 0,68 45.97 2.55 4.33 0.00 -35.95 
13 0.95 72.86 5.30 34.00 0.00 0.44 27.16 4.09 6.67 14.67 0.69 46.63 2.74 5.00 0.00 -35.96 
14 0.95 73.32 4.97 34.33 0.33 0.44 27.51 4.55 9.00 15,33 0.70 47.34 2.57 7.33 0.00 -35.42 
15 0.96 74.10 4.50 35.33 0.33 0.45 27.89 4.74 10.00 15.67 0.70 47.69 2.91 9.00 0.00 -35,64 
16 0.97 74.81 3.42 36.00 0.33 0.46 28.77 4.72 12.33 16.33 0.71 48.52 2.03 11.00 0.00 -35.16 
17 0.97 75.00 2.77 36.33 0.33 0,47 29.41 3.88 12.67 16.33 0,72 49.03 1.97 11.33 0.00 -34,63 
18 0.97 75,45 2.37 36,67 0.33 0.48 30.05 2.75 13.00 16.67 0.72 49,57 1.40 11.67 0.00 -34.31 
19 0.97 75,54 2.09 36,67 0.33 0.48 30.65 2.54 13.33 16,67 0.73 49,88 1.44 12.00 0.00 -33.98 
20 0.97 76.17 2.12 37.00 0.33 0.49 31.36 2.44 14.33 16.67 0.73 50,37 0,84 13.33 0.00 -33.90 
Table B.20 Progress from reciprocal recurrent selection for complete dominance and additive x additive interac­
tions genetic model; additional generation of selfing; starting gene frequencies P^ = 0,75, Pg = 0.25. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean 
'a AA aa Freq. Mean a'a AA aa Freq. Mean °G AA aa Heterosis% 
Half-Sib 0 0.75 48,66 10.58 0.00 0.00 0.25 17.80 Ô.41 0.00 0,00 0.50 33.57 5.20 0.00 0.00 -31.00 
1 0.80 53.33 23.52 2.33 0.00 0.26 18.49 6.31 0.00 0.33 0.53 35.44 5.78 0.00 0,00 -33.50 
2 0.84 57.83 18.28 9.33 0.00 0.29 19.22 8.43 0.00 3.33 0.56 37.49 4,06 0.00 0.00 -35.00 
3 0.89 63.11 13.11 20.00 0.00 0,32 20.60 6.11 0.00 5.67 0.60 39.74 3.49 0.00 0,00 -36,88 
4 0.90 64.83 9.10 24.00 0.00 0.35 21.78 5.06 0.33 7.67 0.63 41.06 2.73 0.00 0.00 -36.54 
5 0.91 66.50 9.09 25.00 0.00 0.38 23,05 5.97 0.67 9.00 0.64 42.06 3.40 0.33 0.00 -36.63 
6 0.93 68.46 9.17 28.67 0.00 0.41 24.47 5.18 2.33 10.00 0.67 43.51 3.23 1.33 0.00 -36.21 
7 0.94 69.80 8.06 30.33 0.33 0.43 26.08 5.47 3.33 10.67 0.68 44.97 2.94 1.67 0.00 -35.34 
8 0.94 71.23 5.56 31.67 0.33 0.45 27.35 5.25 4.00 11.00 0.69 45.98 2.87 2.00 0.00 -35.13 
9 0.95 72.06 4.61 33.00 0.33 0.48 29.57 6.66 7.00 11.33 0.71 47.25 2.76 5.00 0.00 -34.10 
10 0.95 72.99 3.68 35.00 0,33 0.49 30,58 4.89 8.67 11.67 0.72 48.24 2.27 6.33 0.00 -33.63 
11 0.96 74.28 4.26 35,67 0.33 0.52 32.64 4.45 10.33 12.67 0.74 49.59 2,12 8.67 0.00 -33.02 
12 0.96 74.50 4.61 36.00 0.33 0.54 33.78 3.61 13.33 12.67 0.75 50,36 1.82 11.00 0.00 -32.15 
13 0.97 75.74 3.60 36.67 0.33 0.56 35.25 3.14 16.00 13.33 0,76 51.39 1.66 13.67 0.00 -32,01 
14 0.97 75.42 4.13 36.67 0.33 0.56 35.74 2.28 17.00 13.33 0.77 51.68 1.56 14.67 0.00 -31.24 
15 0.97 76.13 2.59 37.33 0.33 0.58 37,58 3.30 18,00 13.67 0.78 52.95 1.84 16.00 0.00 -30,24 
16 0.98 77.38 1.40 38.00 0.33 0.59 38.12 3.38 19.00 13.67 0.78 53.46 1.41 17.00 0.00 -30,73 
17 0.98 77.54 1.55 38.00 0.33 0.60 39.29 1.98 20.33 14.00 0.79 54.07 1.07 18.33 0.00 -30.12 
18 0.98 77.70 1.16 38.33 0.33 0.61 40.13 2.07 21.67 14.00 0.80 54.64 0.82 20.00 0.00 -29.52 
19 0.99 78.16 0.87 38.67 0.33 0.62 40.90 1.99 21.67 14.00 0.80 55.09 0.79 20.33 0.00 -29.40 
20 0.99 78.41 0.82 38.67 0.33 0.62 41.25 1.13 22.67 14.00 0.81 55.39 0,42 21.33 0.00 -29.27 
Full-Sib 0 0.75 48,66 19.58 0.00 0.00 0.25 17.80 9.41 0.00 0.00 0.50 33.57 5.20 0,00 0,00 -31.00 
1 0.79 51.71 15.94 2.00 0.00 0.28 19.11 6.20 0.00 0.00 0.53 35.38 4.91 0.00 0.00 -31.59 
2 0.82 55.04 15.12 7.33 0.00 0.31 20.38 4,90 0.00 2.33 0.56 37.14 4,28 0.00 0.00 -32.51 
3 0,84 57.04 12.76 12.67 0.00 0.33 20.79 5.99 0.00 5.33 0.59 38.29 3,04 0,00 0.00 -32,83 
4 0.85 58.22 14.72 16.67 0.00 0.36 22.17 7.72 0.00 6.33 0.61 39.43 4,22 0.00 0,00 -32.21 
5 0.86 60.21 12.68 21.00 0.00 0.40 24.25 6.66 1.33 8.00 0.63 40.98 4.62 0.67 0.00 -31.85 
6 0.87 61.52 11.13 23.33 0.33 0.42 24.80 6.40 3.33 9.33 0.65 41.84 3.50 2.00 0,00 -31.94 
7 0.89 64.43 10.40 26.00 0.33 0.44 26.26 6.77 5.00 10.67 0.67 43.41 3.71 3.00 0.00 -32.57 
8 0.91 66.51 13.11 28.33 0.33 0.47 28.67 6.69 9.33 11.67 0.69 45.71 3.47 6.00 0.00 -31.27 
9 0.93 69.26 8.77 30.67 0.33 0.48 29.60 3.44 11.00 12.67 0.71 46.76 2.83 8.33 0.00 -32,45 
10 0.93 69.95 5.27 32.67 0.33 0.49 30,54 3.53 11.33 13.00 0.71 47.58 1.79 9.33 0.00 -31.97 
11 0.93 70.14 6.76 33.00 0.33 0.50 31,14 2.71 14.00 14.00 0.72 48.31 2.03 11.33 0.00 -31.10 
12 0.95 72,30 6.28 34.33 0.33 0.50 31.70 2.86 15.33 14.33 0.73 49.07 1.98 12.67 0.00 -32.10 
13 0.96 74.00 5.54 34.67 0.33 0.51 32,53 2.91 15.33 15.00 0.74 50.07 1.56 13.00 0.00 -32.32 
14 0.96 74.65 3.62 35.67 0.33 0.52 33,26 2,75 16.00 15.33 0.74 50.79 1.28 13.67 0.00 -31,97 
15 0.97 75.00 3.83 36.00 0.33 0.52 33.63 2.53 16.00 16.33 0.75 51.10 1.29 13,67 0.00 -31.88 
16 0.97 75.75 3.71 36.33 0.33 0.54 34.71 2,95 16.67 16.33 0.75 51,78 1.28 14.00 0.00 -31.68 
17 0.97 76,20 2.25 36.33 0.33 0.55 35.69 1.93 17.67 16.33 0.76 52.34 0.91 14.67 0.00 -31.36 
18 0.98 76.57 3.31 37.00 0.33 0.55 36.49 1.06 19.33 16.33 0.77 52.90 0.87 17.00 0.00 -30.95 
19 0.98 77.48 1.37 38.00 0.33 0.56 36.88 0.69 19.67 16.67 0.77 53.40 0.46 17.67 0.00 -31.12 
20 0.99 77.97 0.83 39.00 0.33 0.56 36.99 0.36 20.67 16.67 0.77 53.64 0.23 19.67 0.00 -31,24 
Table B.21 Progress from reciprocal recurrent selection for complete dominance and additive x dominance inter­
actions genetic model; starting gene frequencies PA = 0.5, PB = 0.5. 
RR.S Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean AA aa Freq. Mean 4 AA aa Het,erosis% 
Half-Sib 0 0.50 41.13 33.26 0.00 0.00 0.50 41.55 38.88 0.00 0.00 0.50 41.68 27,00 0,00 0.00 0.21 
1 0.55 46.32 37.40 0.00 0.00 0,56 46.87 33.69 0.00 0.00 0.56 47.02 26,16 0.00 0,00 -2,67 
2 0.60 48.89 34.42 0.67 0.00 0.60 48.75 32.51 0.33 0.00 0.60 51.49 25,53 0.00 0.00 1.86 
3 0.64 49.41 39.64 2.33 0.33 0.62 48,47 36.09 0.67 0,00 0.63 54,38 19.83 0.00 0,00 6.74 
4 0.67 50.21 36.54 4.00 0.33 0.64 47.00 33.44 3.00 0,00 0.66 57,41 17.43 0.00 0,00 13,77 
5 0.68 48.67 28.48 6.67 1.00 0.66 44.82 33.21 7.33 1.00 0.67 59,17 17.01 0.33 0,00 21.70 
6 0.69 47.55 29.25 8.33 1.33 0.69 45.48 26.57 10,00 1.67 0.69 61.18 17.38 1.00 0.00 28.23 
7 0.71 46.40 31.07 11.33 1.67 0.70 42.97 24,61 12.67 2.00 0.70 63.84 12.56 1.67 0,00 36.23 
8 0.71 44.64 22.19 14.67 2.33 0.72 42,61 20.56 15.33 3.00 0.72 65.78 12.08 3.00 0.00 47.90 
9 0.72 42.42 22.24 17.67 2.33 0.73 40.99 12.88 19.33 4.00 0.73 67.66 9.93 5.33 0,00 59.82 
10 0.73 42.43 17.70 19.00 2.67 0.74 39.98 11.89 20.33 4,67 0.74 68.58 8.32 5.67 0.00 61.04 
11 0.73 41.71 20.75 21.00 3.00 0.75 39.60 11.23 21.00 5.00 0.74 69,62 7.09 7.00 0.00 66.63 
12 0,73 40,45 15.34 21.33 3.00 0.75 39.03 13.32 21.67 5,33 0.74 69,96 8,13 8,00 0,00 68.94 
13 0.74 39.32 14.83 22,33 4.00 0.76 37.39 9.65 23,67 5.67 0.75 71,93 6,00 9.33 0,00 81.05 
14 0.74 37.78 14.26 23,33 4.67 0.77 36.04 7.74 26.00 6.00 0.75 72,74 4.01 10.33 0.00 92.67 
15 0.74 37.12 11.61 24,00 5.33 0.76 35.25 6.78 26.33 6.33 0.75 73,38 4.17 11.00 0.00 97.85 
16 0.75 35.36 8.72 25.33 6.33 0,76 35.31 6.75 26.67 6.33 0,75 74.71 2.92 12.33 0.00 104.42 
17 0.74 33.85 7,90 26.00 7.33 0.77 34.77 5.48 27.00 6.67 0.75 75.30 2,87 13,33 0.00 107.99 
18 0.75 33.27 6.63 27.67 7.33 0.76 34,35 5.96 27.33 6.67 0.75 75.80 2,28 15.33 0.00 113.17 
19 0.75 33.63 6.07 28.00 7.33 0,76 33.23 4.31 27.67 7.00 0.75 76.32 2,24 16,00 0.00 114.65 
20 0.75 33.26 5.62 28.00 7.33 0,76 33.10 3.56 28,00 7.67 0.76 76.69 1,87 16.33 0.00 119.33 
Full-Sib 0 0.50 41.13 yy.yo 0.00 0.00 0.50 41.55 38.88 0.00 0.00 0.50 41.68 %7.09 0.00 0.00 0.21 
1 0.54 45.60 38.16 0.00 0.00 0.54 45.42 38.44 0.00 0.00 0.54 45.36 24.70 0.00 0,00 -0,88 
2 0.59 48,84 34.46 0.33 0.00 0.60 48.23 34.12 0.33 0.00 0.59 49.99 23.62 0.00 0,00 0,79 
3 0.64 51.07 30.87 0.67 0,00 0,63 49.44 46.29 2.00 0.00 0.64 54.36 17.77 0.00 0,00 5,94 
4 0.65 48.58 31.86 4.33 0.67 0.65 50.10 37.90 3.33 0,33 0.65 55.48 20,32 0.33 0.00 9,66 
5 0.67 47.82 29.97 6.00 1,00 0.67 50.29 32.47 5.00 0.33 0.67 57.73 19.47 0,33 0.00 14.91 
6 0.69 47,83 35.17 7.00 1.67 0.68 49.00 27.14 6.67 0.33 0.68 59.95 15.03 0.33 0.00 22,20 
7 0.71 46,80 32.84 10.67 2.00 0.69 48.19 26.48 10.67 0.67 0.70 62.36 14.80 0.67 0.00 29.42 
8 0.74 46.19 22,48 12.67 2,00 0.69 46.40 25.43 12.33 0.67 0.71 63.87 14.85 2.00 0.00 36,97 
9 0.76 44.70 19,57 16.67 3.00 0.69 44,46 21.25 13.00 1.33 0.72 65.42 12.84 3.00 0.00 44.60 
10 0.76 43.42 20,68 18.67 3.33 0.71 43.15 22.91 15.33 3.00 0.73 67.94 10.32 5.00 0.00 53,97 
11 0.77 41.37 13.85 21.33 3.33 0.71 41.63 17.81 19.33 3,33 0.74 69,56 7.64 6.33 0.00 61.27 
12 0.77 40,70 17.33 23.00 3.67 0.71 41.24 23.51 19.67 3.67 0.74 69,43 8,39 7,00 0.00 64.33 
13 0.77 39.86 16.87 24.00 3.67 0.72 39,80 17.77 20.33 5.00 0.74 70,98 7.42 8.00 0,00 75.67 
14 0.77 39.28 16.44 25.00 4.33 0.72 38.68 15.30 22.00 5.67 0.75 72.21 6,71 9.67 0,00 83.95 
15 0.77 37.77 12.42 26.00 4.67 0.73 37,60 12.62 23.33 5.67 0.75 73,91 4.57 11.33 0.00 93.88 
16 0.76 36.91 10.47 26.67 5.00 0.74 36.91 15.33 24.00 6.33 0.75 74,25 4,84 12.33 0.00 97.59 
17 0.77 36.20 9.14 26.67 5.67 0.74 35.76 11.81 25.00 7.00 0,75 75.12 3.24 12.67 0.00 102.99 
18 0.78 35.59 6.93 27.67 6.00 0.74 35.90 11.89 25.00 7.00 0.76 75,34 3.45 13.67 0.00 107.65 
19 0.77 34.49 7.19 27.67 6.33 0.74 35,00 9.19 25.33 7.00 0.76 76.21 2.68 14,00 0,00 113.44 
20 0.77 34.55 6.05 28.00 6.67 0.74 34.72 10.47 25.67 7.33 0.76 76.50 2.49 14,33 0,00 113,33 
Table 13,22 Progress from reciprocal recurrent selection for complete dominance and additive x dominance inter­
actions genetic model, additional generation of selfing; starting gene frequencies PA = 0.5, PB = 0,5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean AG AA aa Freq. Mean °G AA aa Freq. Mean °G AA aa Hetnrosis% 
Half-Sib 0 0.50 41.29 31.45 0.00 0.00 0.50 41.60 39.98 0.00 0,00 0.50 41.55 '20.53 0,00 0.00 -0.11 
1 0.58 49.06 33.56 0.00 0.00 0.59 49.29 27.87 0,00 0.00 0.59 49,19 22,96 0.00 0.00 -1.61 
2 0.63 50.73 33.93 0.67 0.00 0.65 52,83 27.73 1.00 0.00 0.64 54,68 19,69 0.00 0,00 3.37 
3 0.66 51.68 35.88 2.67 0,00 0.69 53.07 29.87 4.67 0.00 0.67 57.71 18.86 0.00 0.00 8.75 
4 0.68 50.23 40.38 5.00 0.33 0,72 52.45 37.73 7.33 0.67 0.70 60.01 12.96 0.33 0.00 14,46 
5 0.71 49.27 37.02 8.67 0.33 0.76 52.04 40.13 11,00 0.67 0.73 63.32 13,33 0,67 0.00 21.73 
6 0.72 46.45 32.67 12,67 0.67 0.77 49.10 39.82 15,67 0.67 0.74 66.19 11,45 3.00 0.00 35.13 
7 0.73 44.78 25.24 16.33 1.67 0.77 46.83 35.36 18,67 1.00 0,75 68.09 9,59 4.33 0.00 45,66 
8 0.74 43.09 24.00 19,00 2.67 0.77 43.84 25.11 20.67 2.33 0.76 69.92 8.42 5.67 0.00 57.74 
9 0.75 40.19 15.51 20.67 3.33 0.79 40.97 14.31 23.67 4.00 0.77 71.77 7.12 7.67 0.00 71.38 
10 0.75 39.22 15.34 22,33 4.00 0.79 39.23 15.44 25.67 4.33 0.77 72.56 5.37 10,67 0.00 80.72 
11 0.74 36,72 10.99 24.00 5.33 0.79 36.99 9.35 27.33 5.33 0.77 74.27 3.06 12.67 0,00 97,43 
12 0.74 35.45 7.44 25.00 6.00 0.78 36.41 8.07 27.67 5.33 0.76 75.22 3.13 13.33 0.00 102.58 
13 0.74 33.85 5.51 25.33 6,67 0.78 34.49 6.55 28.67 5,33 0.76 76.49 2.30 14.33 0.00 119.87 
14 0.74 32.81 4.21 26.33 8.33 0,78 33.39 5.70 29.67 6.00 0.76 77.25 1,94 16,00 0.00 129,53 
15 0.75 32.40 2.67 27.00 8.67 0.78 32.97 3.63 30,00 7.67 0.76 77,42 1.72 17.00 0,00 132.17 
16 0.74 31.69 2.54 27.33 8.67 0.77 31.89 1.59 30.33 8.33 0.76 78,21 1.17 17.67 0.00 143.46 
17 0,74 30.79 1.26 28.00 9.33 0.77 31.52 0.96 30.33 8,67 0.75 78.68 0.86 18.33 0,00 148.30 
18 0.73 30.43 1.27 28.33 9.33 0,77 31.16 0.57 30,33 9.00 0,75 78.98 0.66 18.67 0,00 152.40 
19 0.73 29.98 0.70 28.33 9.67 0.77 30.78 0.10 30.33 9.33 0.75 79.41 0.43 18.67 0,00 157,36 
20 0.73 29.80 0.58 28,33 10.00 0.77 30,67 0.00 30,67 9.33 0.75 79,67 0.26 19,00 0,00 158,48 
Full-Sib 0 0.50 41.29 31,45 0.00 0.00 0.50 41.60 39.98 0.00 0.00 0.50 41.55 20.53 0.00 0.00 -0,11 
1 0.58 49.02 39.31 0.00 0.00 0.56 47.36 28.54 0.00 0.00 0.57 47,83 22.59 0.00 0.00 -2.41 
2 0.63 51.39 41,97 0.33 0.00 0.61 50.20 31.54 0.67 0.00 0.62 53.14 22.15 0.00 0,00 2,84 
3 0.70 51.04 31.64 5.00 0.33 0.64 49.60 35.88 2,00 0.33 0.67 57.82 16.98 0.00 0.00 11,93 
4 0.73 51.88 32.98 8.00 0.33 0,65 49.04 38,35 5,67 0.33 0.69 59.64 17.27 1.00 0.00 14.98 
5 0.74 50.65 30.38 11.33 0.67 0.68 48.37 35,87 7.67 1.33 0.71 62.31 15,76 1,33 0.00 21,54 
6 0.77 49.53 28.61 14.33 0.67 0,68 44,95 28,20 11.33 2.67 0.73 65.33 13,65 1.67 0.00 32.16 
7 0.78 47.85 30.86 18.33 1.00 0.70 42.09 19,46 14,67 3.67 0.74 67.92 11.54 3.00 0,00 42,17 
8 0.79 44.62 22.78 20.67 2.00 0.70 40.37 21.58 18,33 4.33 0.74 70.20 7,34 4.67 0,00 55,82 
9 0,79 42.30 17.18 24.00 2.67 0.69 37.73 14,63 19.33 5.00 0,74 71.61 6.20 7.67 0.00 69.88 
10 0.79 41.76 18.35 25.67 3.67 0.69 36.64 10.88 20.33 6.00 0.74 71,93 5.76 9.33 0,00 73.41 
11 0.79 40.09 15.43 26.67 4.33 0,71 36.11 9.96 21.67 6.33 0.75 73.35 4.10 10.00 0.00 84,03 
12 0.79 38.20 12.23 27.33 4.67 0,71 34.62 8.28 23.00 7.33 0,75 74.13 4.29 11.67 0.00 95.26 
13 0.79 36.70 8.89 28.33 5.00 0.71 33.89 7.66 24.00 7.33 0.75 75.25 3.77 13,33 0.00 107.24 
14 0.79 35.36 6.25 29,00 5.67 0.71 33.00 5.39 25.00 8.00 0.75 76,26 2.52 14.67 0.00 118,21 
15 0.79 34.39 3.33 29.33 6.67 0.71 32.65 5,93 25.67 8.00 0.75 76,47 3.18 15.67 0.00 124,83 
16 0.79 33.75 3.36 29.67 7.33 0.71 32.39 5.77 25.67 8.33 0.75 76.59 2.35 16.00 0.00 129.10 
17 0.79 33.16 2.35 29.67 8.00 0.71 31.92 6.06 26.33 8.67 0.75 77.34 2.36 16.67 0.00 134,95 
18 0.79 33.43 2.14 30.00 8.00 0.71 31.05 5.14 26,67 8.67 0.75 77,95 2.02 17.00 0,00 135.08 
19 0.79 33.00 1.21 30.67 8.00 0.71 30.43 3.49 26,67 9.33 0.75 78.58 1.13 17.67 0.00 139,70 
20 0,79 32.68 1.08 31.33 8.00 0.70 29.82 2.10 27,00 10.33 0.75 78.91 0.56 18,33 0,00 142.59 
Table B,23 Progress from reciprocal recurrent selection for complete dominance and additive x dominance inter­
actions genetic model; starting gene frequencies PA = 0.75, PB = 0.25. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °a AA aa Freq. Mean °G AA aa Freq. Mean "G AA aa Heterosis??! 
Half-Sib 0 0.75 58.62 28.97 0.00 0.00 0.25 19.52 18.10 0.00 0.00 0.50 43.62 23.'22 0.00 0.00 -25.57 
1 0.79 59.31 24.85 0.67 0.00 0.31 24.33 18.26 0.00 0.00 0.55 48.49 19.37 0.00 0.00 -18.23 
2 0.80 57.83 34.50 4.67 0.00 0.33 25.71 20.59 0,00 1.67 0.57 50.18 20.30 0.00 0.00 -13.18 
3 0.84 54.59 28.88 10,67 0.00 0.36 27.19 22.82 0.00 2.33 0.60 53.75 18.62 0.00 0.00 -1,52 
4 0.85 53.02 27.40 16.00 0.00 0.40 29.42 14.61 1.00 4.00 0.62 56.51 18.49 0.00 0.00 6.59 
5 0.86 51.09 26.39 19,33 0.00 0.41 29.65 20.27 2.00 5.67 0,64 58.70 17.18 0.33 0.00 14.89 
6 0.89 49.67 19.89 23.00 0.00 0.44 30.19 18.25 2.33 6.00 0.66 61,46 15.08 0.67 0,00 23.87 
7 0.91 47.39 18.53 25.33 MS # M 12,§8 m 7.87 0,88 01)80 11:75 1,33 0.00 30.82 
8 0.92 46.13 12.42 28J3 0.33 0,46 27.31 12,68 7.33 9.67 0.69 66.91 9.18 3.33 0.00 45.05 
9 0.93 44.84 11.17 30,00 0.33 0.47 26.82 11.78 9.67 10.00 0.70 68.69 7.46 5.33 0.00 53.30 
10 0.94 43.35 7.38 32.67 0.33 0.48 27.22 13.25 11.00 11.00 0.71 70.28 6.30 7.00 0.00 62,16 
11 0.95 42.52 6.38 34.33 0.33 0.49 27.42 11.42 12.00 11.67 0.72 71.42 6.45 9.00 0.00 68.04 
12 0.96 41.53 6.13 35.33 0.33 0.50 26.45 7.76 12,33 13.33 0.73 73.34 3.85 9,67 0.00 76,63 
13 0.96 41.76 6.93 36.00 0.33 0.51 25.95 7.04 13,67 14.00 0.73 73.98 3.66 10,67 0.00 77.35 
14 0.96 41.51 5.71 36.67 0.33 0.50 25.02 5.33 14,33 15.33 0.73 74.30 3.65 12.00 0.00 79,03 
15 0.95 41.01 5,92 37.00 0,33 0.51 24.56 4.15 14,67 16.33 0.73 74.73 3.99 12.33 0.00 82,38 
16 0.95 40.87 4,87 37.00 0.33 0.51 24.07 3.64 16.00 16.67 0.73 75.56 3,13 13,67 0.00 85.06 
17 0.95 40.21 4,48 37.00 1.00 0.52 24.11 3.62 16.67 16.67 0.73 76.18 2.46 14.33 0.00 89.61 
18 0.95 39.74 2.90 37.00 1.00 0.53 24.63 3.36 17,33 16.67 0.74 76.81 1.59 14,33 0.00 93,49 
19 0.95 39.24 1.80 37.33 1.67 0.53 24.10 2.88 17,33 16.67 0.74 76.81 1.44 14,67 0.00 96.01 
20 0.95 39.16 1.40 37.33 1.67 0.52 23.80 3.33 17.67 16.67 0.74 76.93 1.70 15,00 0.00 96.67 
Full-Sib 0 0.75 58.62 '28,97 0.00 0.00 0.25 19.5 '2 18.10 0.00 0.00 0.50 43.62 23.'2'2 0,00 0.00 -25.57 
1 0.80 58.99 25.76 1.33 0.00 0.28 21.63 14.57 0.00 0.00 0.54 47.62 18.52 0.00 0.00 -19.27 
2 0.83 56.53 28.11 6,67 0.00 0,32 24.13 14.64 0.00 0.33 0.58 51.83 18.02 0.00 0.00 -8.29 
3 0.86 55.26 27.06 11.67 0.00 0,34 25.87 14,98 0.00 1.67 0.60 55.03 18.52 0.00 0.00 -0.34 
4 0.88 53,31 23.10 16.00 0.00 0,37 26,89 14.00 0.33 4.67 0.63 57.62 15.06 0.33 0.00 8.27 
5 0.90 51.30 21.93 20.33 0.00 0.39 27.50 16,86 0.67 5.33 0.64 59.70 15.63 0,33 0.00 16.43 
6 0.92 48.68 15.64 24.33 0.00 0.42 28.57 14.93 1.00 7.00 0.67 62.45 13.22 0.67 0.00 28.31 
7 0.94 47.51 11.70 28.67 0.00 0.44 29.55 14.10 1.67 7.33 0.69 64.84 11.33 1.00 0.00 36.53 
8 0.95 46.13 11.34 30.33 0.00 0.44 28.57 11.73 3.00 9.00 0.69 65.92 10.90 2,00 0.00 43.04 
9 0.96 44.78 8.30 32.67 0.00 0.46 29.60 11.68 4.33 9,67 0.71 67.95 8.39 3.33 0.00 51.90 
10 0.96 44.47 9,16 33.67 0.00 0.48 29.68 10.83 6.33 10.33 0.72 69,13 8.13 4.67 0.00 55,65 
11 0.96 43.61 6,62 34.67 0.00 0.49 29.67 9.34 7.00 10,67 0.73 70.75 6.70 5.33 0.00 62.53 
12 0.97 43.17 6.46 35.33 0,00 0.50 29.46 9.77 9,00 11.33 0,74 71,76 5.18 7,33 0.00 66,64 
13 0.97 43.04 7.04 36.00 0,00 0.51 28.48 8.29 10.00 12,33 0.74 72.23 4.67 8,33 0.00 68.31 
14 0.97 42.64 5.23 36.67 0.00 0.51 27.81 7.58 11.67 13.00 0.74 72.65 4.26 9.67 0.00 70.99 
15 0.97 42.27 5.86 36.67 0.00 0.51 26.94 6.77 13.33 13.33 0.74 73.52 3.90 11.00 0.00 74.38 
16 0.98 42.16 4.94 37,00 0.00 0.51 26.71 5.73 14.33 13.33 0.75 74.27 3.77 12,33 0.00 76.55 
17 0.98 42.20 4.15 37.33 0.00 0.52 26.46 6.43 15.00 13.33 0.75 74.91 3.79 13.33 0.00 78.05 
18 0.98 41,86 3.45 37.67 0,00 0.52 25.88 7.11 15.67 14.00 0.75 75.72 2.54 14.00 0.00 81,27 
19 0.98 41.57 3.98 38.00 0.00 0.51 24.57 4.89 16.67 15.00 0.75 75.84 2.62 15.33 0.00 82,72 
20 0.99 40,76 1.95 38.33 0.00 0.51 24,82 3.66 17.33 15.33 0.75 76.18 2.12 16,00 0.00 86,97 
Table B.24 Progress from reciprocal recurrent selection for complete dominance and additive x dominance interac­
tions genetic model; additional generation of selfing; starting gene frequencies PA = 0.75, Pg = 0,25, 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean AA aa Freq. Mean 4 AA aa Freq. Mean "g AA aa Heterosis% 
Half-Sib 0 0.74 59,06 28.07 0.00 0.00 0.25 18.83 13.85 0.00 0.00 0.49 42.62 21,16 0.00 0,00 -27,83 
1 0.82 59.13 24.21 2.33 0.00 0.30 23.34 10.65 0,00 0.00 0.56 50.31 21.91 0.00 0,00 -14.80 
2 0.86 55,66 25.79 9,33 0.00 0.37 27.74 13.30 0,00 1.00 0.62 55,79 18.95 0.00 0.00 0.24 
3 0.90 52,51 19.72 18.00 0.00 0.38 28.33 14.71 0.00 3.00 0.64 59.26 14.58 0,00 0.00 12.86 
4 0.93 49.47 16.31 24,00 0,00 0.40 28.64 11.42 0.67 5.33 0.66 62.95 13.03 0.33 0.00 27.26 
5 0.95 46.28 10.05 29.00 0.00 0.43 30.38 16,78 1.00 7.33 0.69 66.74 8.91 0,67 0.00 44.31 
6 0.97 44.65 6.55 32.33 0.00 0.45 30.09 12.54 2.67 8.00 0.71 68.45 8.30 2.00 0.00 53.36 
7 0.98 43.01 4.69 35,33 0.00 0.47 29.21 12.94 4.33 9.33 0.72 70.76 5.46 3.67 0,00 64.61 
8 0.98 42.92 5.23 36.67 0.00 0.48 29.20 11.09 5.67 10.67 0.73 72.25 5.00 4.67 0.00 68.41 
9 0.98 42.54 3.94 37.33 0.00 0.48 27.14 8.16 9.33 11.67 0.73 73.15 5.60 8.00 0,00 72.00 
10 0.98 42,02 3.76 37.67 0.00 0,49 25.79 5.88 10.67 13.33 0.73 74.32 3.96 9.67 0.00 76.89 
11 0.98 41.83 3.27 37.67 0.00 0.50 25.76 6,45 13.33 14,00 0,74 75.68 3,44 12,33 0.00 80.97 
12 0.98 41.66 3.22 38.00 0.00 0.51 24.85 3.98 14,33 15,67 0.75 76.25 2.58 13,33 0,00 83,04 
13 0.99 41.29 2.50 38.33 0.00 0.50 23.59 3.36 15.33 16.67 0.74 76.77 2,35 14.00 0,00 85.94 
14 0,99 41,05 2.21 38,67 0.00 0.51 23.87 2.71 16.33 17.33 0.75 77.30 1,49 15,33 0.00 88.32 
15 0.99 40.50 1.86 38,67 0.00 0.52 23.74 2.39 17.33 17.33 0.75 77.74 1.29 16.33 0.00 91.98 
16 0.99 40.37 1.69 38.67 0,00 0.52 23.13 2,06 17.67 17.33 0.75 78,15 1.11 16.67 0,00 93.63 
17 0.99 40.40 1.75 39.00 0,00 0.52 22.70 2.04 18.00 17.33 0.75 78,41 1.10 17,00 0,00 94.14 
18 0.99 40.33 1.61 39.00 0,00 0.52 22.01 1.10 19.00 18.33 0.75 79.00 0.65 18,00 0.00 95.96 
19 0.99 40.25 1.17 39.00 0,33 0,52 21.89 0.94 19.67 18.33 0.75 79.13 0.55 18,67 0.00 96.73 
20 0.98 40.35 1.24 39.00 0.33 0.52 21.76 0.73 20.00 18.67 0.75 79.22 0.39 19,00 0,00 96.46 
Full-Sib 0 0.74 59.06 28,07 0.00 0.00 0.25 18.83 13.85 0.00 0.00 0.49 42.62 21.16 0.00 0.00 -27.83 
1 0.80 59.03 25.36 2.00 0.00 0.31 23.82 14.81 0.00 0.00 0.55 48.93 19.36 0.00 0,00 -17.12 
2 0.83 57.02 29.67 7.00 0.00 0.37 28.30 17.04 0.00 1.00 0.60 54,40 18,18 0,00 0.00 -4,64 
3 0.87 54.41 23,86 12,67 0.00 0.41 31.06 16.83 0.33 2.33 0.64 58.00 15.64 0.00 0.00 6.64 
4 0.91 50,39 18,78 21,67 0,00 0.44 32.34 22.00 1.00 2.67 0.68 61.53 17.15 0.33 0.00 22.38 
5 0.93 47.63 14.07 26,33 0.00 0,48 33.29 21.14 3,00 3.67 0,70 64.48 9.28 1.67 0.00 35.63 
6 0.94 46.51 12.25 27,67 0.33 0.47 32.12 18.34 3.67 7.33 0,71 66.01 10.47 2.33 0.00 42.11 
7 0.96 44.61 8.88 31,00 0.33 0.49 31.49 14.54 4.67 8.33 0,72 68.84 8.79 3.67 0.00 54.48 
8 0.96 43.26 5.81 34,00 0.33 0.50 31.12 14.02 8,33 9.33 0,73 70,75 6.90 7.00 0.00 63.79 
9 0.97 42.44 4,10 35,33 0.33 0.50 29.34 20.12 10.00 10.00 0.73 72.08 5.22 9.00 0.00 69.99 
10 0.98 41.98 3,61 36,00 0.33 0.50 28,22 10.50 11.33 11.33 0,74 72.87 4.73 10.00 0.00 73,68 
11 0.98 41.47 3.41 36,67 0,33 0,51 27,50 7.69 12.67 12.33 0.74 73.93 4.18 11.67 0.00 78,29 
12 0.98 41.15 2.23 38.00 0,33 0.51 26.56 7.92 13.33 13.67 0.75 75.05 3.11 12,33 0.00 82,40 
13 0,98 41.19 2.51 38.00 0.33 0.52 26.06 6,73 14,00 14.00 0.75 75.62 2.76 13.00 0.00 83,60 
14 0.98 40.74 2.84 38.00 0.33 0.52 24.90 5.12 15.33 15.33 0.75 76.67 2.18 14,33 0.00 88.19 
15 0.98 40.44 2.38 38.00 0.33 0.52 23.50 3.28 16.67 15.67 0,75 77.75 1.46 15.33 0.00 92.30 
16 0.97 39.81 1.56 38,33 0.67 0.52 22.92 2.09 17.67 16.67 0.75 78.41 1.32 16.67 0,00 97.01 
17 0.98 39.58 1.19 38,67 0.67 0.52 22.29 1.71 18.67 17.67 0.75 78.96 0.90 17.67 0.00 99.54 
18 0.97 39.34 0.83 38.67 0.67 0.52 21.89 0.93 19.00 18.00 0.75 79.31 0.60 18.00 0.00 101.64 
19 0.98 39.51 1.09 38.67 0.67 0.52 22.06 1.15 19.67 18.00 0.75 79.35 0,50 18.67 0,00 100.90 
20 0.98 39.20 0.53 38,67 0.67 0.53 21,82 0.88 20.00 18.00 0.75 79.50 0,40 19,00 0.00 102.88 
Table B.25 Progress from reciprocal recurrent; selection for complete dominance and dominance x dominance 
interactions genetic model; starting gene frequencies PA = 0.5, PB = 0.5. 
R.RS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean °G AA aa Freq. Mean crG AA aa Heterosis% 
Half-Sib 0 0,50 38.57 25.17 0.00 0.00 0.50 38.27 27.24 0.00 0.00 0.50 38. rr 16.53 0.00 0.00 -1.62 
1 0.50 38.90 30.00 0.00 0,00 0.52 39.62 24.47 0.00 0.00 0.51 38,95 14,89 0.00 0.00 -1.82 
2 0.51 37.12 27.68 0.00 0.00 0,55 38.40 27.48 0.33 0.00 0.53 41.08 16.81 0.00 0.00 7,02 
3 0.52 35.60 25.69 0.00 0.00 0.55 35.32 21.41 1.33 0.00 0.54 42.61 15.90 0.00 0.00 16.52 
4 0.54 34.01 18.05 1.67 0.67 0.56 33.26 16.07 2.67 1.33 0,55 44,97 17.17 0.00 0.00 28.17 
5 0.55 31.91 18.38 4.00 1.33 0.58 32.80 15.46 5.00 2.67 0,57 47.17 15.94 0.00 0,00 37.71 
6 0.55 30.61 15.54 7.00 3.33 0.57 30.87 11.33 6.00 3.33 0.56 48.99 16.34 0.00 0.33 52,38 
7 0.53 28.41 9.81 8.00 4.00 0.56 28.79 7.49 8.00 4.00 0.55 51,39 15.48 0.00 0.33 70.09 
8 0.55 27.67 6.60 10.33 6.33 0.55 27.26 6.37 10.67 5.67 0.55 54,04 15.61 0.33 0.33 84.49 
9 0.55 27.39 5.67 11.33 8.00 0.56 25.89 3.95 12.67 8.33 0.55 56.81 14.20 0.33 0.33 97.22 
10 0.55 26.40 5.05 12.67 9.00 0.55 24.86 2.94 15.33 10.00 0.55 60.76 14.34 0,33 0.33 119.50 
11 0.56 25.70 3.80 15.00 10.00 0.55 24.91 2.16 16.00 10.33 0,55 62,71 10,81 0.33 0.33 129.86 
12 0.55 24.58 2.70 16.67 10.67 0.54 24.00 2.26 16.00 12.00 0,54 64.69 8,93 0.33 0.33 143.19 
13 0.55 23.96 2.22 17.33 12.67 0.54 23.66 2.34 16.67 12.67 0.54 66.33 8.45 0.33 0.33 156.60 
14 0.54 23.45 1.55 17.67 13.33 0.52 22.34 1.61 17.00 14.00 0.53 67.85 8.69 0.33 0.33 173.15 
15 0.54 23.49 1.58 17.67 13.33 0.51 21.69 1.22 17.33 15.00 0.53 69.28 7.42 0,33 0.33 181.96 
16 0.54 23.11 1.74 17.67 13.33 0.51 21.48 0.73 18.33 15.00 0.53 70.70 7.06 0.33 0.33 191.78 
17 0.53 22.27 0.80 18.00 15.33 0.51 20.96 0.57 18.67 16.67 0.52 73.06 4.90 0.33 0.33 214.39 
18 0.53 22.10 0.60 18.67 16.33 0.50 20.67 0,46 18.67 18.00 0.52 73.80 3.76 0.33 0.33 221.48 
19 0.54 22,12 0.74 19.67 16.67 0.50 20.64 0.27 19.00 18.67 0.52 74.37 3.00 0.33 0.33 225.68 
20 0.53 21.70 0.56 19.67 17.33 0.51 20.62 0.28 19.00 18.67 0.52 74.92 3.17 0,33 0,33 234,34 
Full-Sib 0 0.50 38.57 25.17 0.00 0.00 0.50 38.27 27.24 0.00 0.00 0.50 38.11 16.53 0,00 0,00 -1.62 
1 0.51 38.76 28.49 0.00 0.00 0.52 39.32 29.74 0,00 0.00 0.51 38.87 17,04 0.00 0,00 -1.23 
2 0.53 37.77 27.47 0.33 0.33 0.52 36.63 25.30 0.33 0.33 0.52 40.07 20.06 0.00 0.00 5.26 
3 0.53 35.10 23.10 0.33 0.33 0.52 35.59 27.51 0.67 0.67 0.52 41.00 15.99 0.00 0.00 10.87 
4 0.52 33.07 21.59 0.67 1.00 0.54 33.09 21.35 2.33 1.67 0.53 42.22 16.26 0.00 0.00 20,96 
5 0.55 32.76 14.07 3.67 2.67 0.56 32.90 15.98 4.00 1.67 0.56 44.27 15.31 0.00 0.00 28.24 
6 0.57 31.04 8.09 6.00 4.33 0.58 32.21 13.28 6.67 4.33 0.57 46.27 12.62 0.33 0.67 40.56 
7 0.58 30.04 7.90 8.00 4.33 0.57 31.20 11.55 8.00 5.67 0.57 47.40 15.55 1.00 0.67 46.33 
8 0.58 29.19 6.71 9.33 5.67 0.58 30.72 9.45 9.00 6.00 0.58 48.19 11.37 1.33 0.67 49.66 
9 0.58 28.30 5.86 11.00 6.33 0.57 29.13 7.90 9.33 6.00 0,57 50.41 11.61 1.33 0.67 61.29 
10 0.59 28.29 4.34 13.00 6.33 0.56 28.40 6.73 11.33 6.67 0.57 52.50 11.10 1.67 0.67 69.91 
11 0.61 27.81 3.36 16.67 7.00 0.54 27.05 7.42 11.67 7.67 0,57 54.63 11.59 2.00 0.67 83.88 
12 0.61 27.73 2.84 17.67 7.33 0.54 26.06 6.78 12.00 8.33 0.58 56.06 9,12 2.00 0.67 94.81 
13 0.61 27.12 2.02 18.33 8.67 0.54 25.68 6,48 12,67 9.33 0.57 57.02 8.69 2.00 0.67 104.62 
14 0.62 27.22 2.39 18.33 9.33 0.52 24.48 4.73 13.67 10.00 0,57 58.34 9.45 2.00 0.67 109.99 
15 0.62 27.28 1.63 18,67 9.33 0.52 23.79 4.06 14.33 12.00 0.57 59.53 9.96 2.00 0.67 116.75 
16 0.62 27.12 1.66 19,33 10.67 0.50 22.46 2.57 15.67 12.67 0,56 60.58 7.51 2,33 0.67 123.06 
17 0.62 26.62 1.68 20.00 11.00 0.50 21.91 2.59 16.00 13.33 0.56 62.51 6.34 2.33 0.67 134.95 
18 0.62 26.48 1.44 21,00 11.33 0.49 21.34 2.95 16.00 13.67 0.55 63.53 5.72 2.67 0.67 141.22 
19 0.62 26.17 0.85 21,33 12.33 0.48 20.47 2.15 16.33 16.67 0.55 64.79 4.24 3.00 0.67 148.34 
20 0.62 25.86 0.72 22.00 13.00 0.48 20.32 1.26 17.33 18.00 0.55 65.63 2.74 3.00 0.67 154.58 
Table B.26 Progress from reciprocal recurrent selection for complete dominance and dominance x dominance 
interactions genetic model; additional generation of selfing; starting gene frequencies = 0.5, 
PB = 0.5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean O'G AA aa Freq. Mean °G AA aa Freq. Mean <rl AA aa Heterosis^ 
Half-Sib 0 0,51 38.35 25.21 0.00 0.00 0.50 38.27 30.26 0.00 0.00 0.50 38.86 16.35 0.00 0.00 0.68 
1 0.53 39.19 24.56 0.33 0.00 0.53 38.98 25.65 0.00 0.00 0.53 39.19 14.81 0.00 0.00 -1.14 
2 0.56 37.92 29.35 1.00 0.33 0.56 37.08 21.58 0.00 0.00 0.56 41.72 17.21 0.00 0.00 9.24 
3 0.57 35.49 21.62 3.00 0.67 0.56 35.66 19.85 1.67 0.67 0.57 43.79 17.60 0.00 0.00 19.78 
4 0.58 33.19 13.76 5.67 2.33 0.57 32.64 16.71 4.00 2.33 0.57 47.04 14.97 0.33 0.00 38.12 
5 0.58 31.77 12.72 6.67 3.33 0.58 31.11 9.77 7.67 4,00 0.58 50,05 16.13 0.67 0.00 54.05 
6 0.55 29.01 9.35 9.33 4,67 0.59 30,34 7,97 10.33 5,33 0.57 53,32 14.66 0.67 0.00 70.60 
7 0.57 28.41 5.27 10.67 6.33 0.59 28.96 5,38 11.67 6.00 0.58 56.31 11.77 0.67 0.00 84.38 
8 0.57 26.89 4.29 13.33 8.33 0.59 27.74 5.07 14.00 7.33 0.58 59.90 13.04 0.67 0.00 102.68 
9 0.56 25.95 3.08 14.00 9,67 0.57 26.47 4.10 16.00 9.33 0.57 62.87 10.07 0.67 0.00 117.68 
10 0.56 24.60 1.57 16.67 12.00 0.55 24.81 2.32 16.67 11.00 0.56 66.53 8.44 0.67 0,00 143.04 
11 0.55 23.91 1.43 17.00 13.33 0.55 23,82 1.18 17.67 12.33 0.55 68.72 7.71 0.67 0.00 161.02 
12 0.54 23.23 1.22 18.00 13.67 0.54 22.84 1.06 18.67 14.00 0.54 71.52 6,25 0.67 0.00 176.45 
13 0.54 22.57 0.75 19.33 15.00 0.53 22.10 0.66 19.00 15.67 0.54 73,32 4.17 0.67 0.00 188.30 
14 0.53 22.10 0.70 20.00 16.00 0.53 21.68 0.50 20.33 16.00 0.53 75.06 2.67 0.67 0.00 200.56 
15 0.52 21.56 1.02 20.00 16.33 0.53 21.36 0.28 20.67 17.00 0.52 76.17 1.70 0.67 0.00 209.58 
16 0.52 21.24 0.84 20.00 17.67 0.53 21.20 0.14 20.67 18.33 0.52 76.70 1.02 0.67 0.00 214.00 
17 0.51 20.81 0.49 20.00 18.33 0.53 21.08 0.08 20.67 18.33 0.52 77,21 0.36 0.67 0.00 220.45 
18 0.51 20.55 0.47 20.00 18.33 0.52 21.00 0.00 20.67 19.00 0.52 77.43 0.22 0.67 0.00 225.26 
19 0.50 20.30 0.20 20.00 18.67 0.52 20.99 0.01 20.67 19.00 0.51 77,61 0.34 0.67 0.00 229.56 
20 0.50 20.15 0.12 20.00 19.33 0.52 20.99 0.01 20.67 19.00 0.51 77.72 0.25 0.67 0.00 232.17 
Full-Sib 0 0.51 38.35 25.'21 0.00 0.00 0.50 38.27 30.26 0.00 0.00 0.50 38.86 16.35 0.00 0.00 0.68 
1 0.53 39.57 26.29 0.00 0.00 0.53 39.81 28.14 0.00 0.00 0.53 40.17 16.68 0.00 0.00 -0.59 
2 0.55 36.80 28.98 0.33 0.00 0.54 37.29 25,74 0.00 0.00 0.55 41,61 15.37 0,00 0.00 10.62 
3 0.56 35.07 22.02 2.00 0.33 0.58 36.73 24.50 1,67 0.33 0.57 43.88 15,37 0.00 0.00 19.57 
4 0.55 33.06 20.97 3.67 1.33 0.58 34.14 17.68 5,00 2.00 0.57 46.28 15.27 0.00 0.00 35.81 
5 0.55 31.20 11,65 6.00 2.33 0.61 34.30 11.81 6.33 2.00 0.58 48.36 13.27 0.00 0.00 41.22 
6 0.55 28.73 10.06 8.33 5.33 0.61 33.26 10.13 7.33 2.67 0.58 51.72 14.42 0.00 0.00 56.18 
7 0.53 26,73 7.99 10.33 6,00 0.61 32.34 9.50 8.67 3.33 0.57 54.23 15.39 0.00 0.00 69.69 
8 0.52 25.03 4.90 13.00 8.67 0.61 30.57 5.48 10.67 4.67 0.56 58.45 12.19 0.33 0.00 93.08 
9 0.52 23.93 3.99 14.33 11.67 0.62 29.56 6.25 13.67 6.33 0.57 61.63 11,23 0.33 0.00 110.19 
10 0.52 23.57 3.52 15.00 12.33 0.60 28.01 4.81 16.67 8.33 0.56 64.72 7.83 0.33 0,00 131,74 
11 0.51 22.54 2.66 15.67 14.00 0.59 26.49 4.25 17.33 10.00 0.55 67.47 8.23 0.33 0.00 156.09 
12 0.51 22.21 2.43 15.67 14.67 0.58 25.70 1.85 18.33 12.33 0.54 68.58 7.32 0.67 0.00 169.30 
13 0.50 21.69 1.47 16.67 16.33 0.58 24.76 1.36 19.67 13.00 0.54 71.06 4.79 0.67 0.00 189.86 
14 0.50 21.36 1.44 17.00 16.33 0.57 24.11 1.74 20.33 13.67 0.53 72.60 4.07 0.67 0.00 202.07 
15 0.49 20.27 0.70 17.00 18.00 0.56 23,15 0.64 21.00 14.33 0.52 74.15 3.00 0.67 0.00 221,11 
16 0.48 19.72 0.32 17.67 19.00 0.55 22,78 0.51 21,33 15.33 0.52 75.26 2,40 1.00 0.00 230,98 
17 0.48 19.59 0.17 18,67 19.67 0,55 22.55 0.44 21.33 16.00 0.52 75.75 1.80 1.00 0.00 236.27 
18 0.48 19.51 0.11 18.67 20.33 0,55 22.32 0.36 21.33 16.67 0.52 76.08 1.50 1.00 0.00 241.01 
19 0.49 19.54 0.08 19.00 20.33 0.55 22,44 0.42 21.33 16.67 0.52 76.15 1.51 1.00 0.00 239.66 
20 0.48 19.52 0.10 19.00 20.33 0.55 22,47 0.37 21.33 16.67 0.52 76.13 1.16 1.00 0.00 239.05 
Table 13.27 Progress from reciprocal recurrent selection for complete dominance and dominance x dominance 
interactions genetic model; starting gene frequencies P,t = 0.75, PB = 0.25. 
R.R.S Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean (TQ AA aa Freq, Mean 4 AA aa Freq. Mean (TQ AA aa Heterosis% 
Half-Sib 0 0.75 42.55 9,74 0.00 0.00 0.25 21.83 27.46 0.00 0.00 0.50 46.44 23,13 0,00 0.00 9.13 
1 0.80 41.88 6.06 0.67 0.00 0.23 20,66 22.31 0.00 0.67 0.52 49.61 21.11 0.00 0.00 18.45 
2 0.82 41.06 5.62 3.67 0.00 0.23 19.15 22.65 0.00 2.00 0.52 51.41 19,25 0.00 0.00 25.24 
3 0.84 40.41 4.05 7.00 0,00 0.21 17.39 21.76 0,00 3.67 0.52 53.24 20.46 0.00 0.00 31.77 
4 0.85 40.31 3.95 13.00 0.00 0.19 14.20 12.02 0.00 9.00 0.52 56.02 19.78 0.00 0,00 39.00 
5 0.87 39.64 3.22 17.33 0.00 0.18 12.54 7.00 0.00 14.33 0.52 58.21 17,81 0.00 0,00 46.86 
6 0.88 39.17 2.31 21.33 0.00 0.16 11.20 7.34 0.33 17.67 0.52 61.66 20.23 0.00 0.00 57.48 
7 0.90 39.05 1.46 24.33 0.00 0.15 9.87 8.48 0.33 19.67 0.53 65.40 15.05 0.00 0.00 67.59 
8 0.91 39.07 1.42 26.33 0.00 0.12 7.31 4.46 0.33 25.67 0.52 68.08 12,91 0,00 0.00 74.35 
9 0.92 38.98 1.04 28.67 0.00 0.10 6.02 2.55 0.67 28.67 0.51 69.46 11.47 0.00 0.00 78.33 
10 0.93 38.69 0.65 31.33 0.00 0.10 5.57 2.18 1.33 29.33 0.52 71.95 9.54 0.00 0.00 86.17 
11 0.94 38.60 0.49 32,67 0.33 0.09 4.77 1.50 1.33 31.00 0.51 73.45 7.86 0.00 0.00 90.49 
12 0.94 38.43 0.40 34.00 0.67 0.07 3.77 1.32 1.33 33.00 0.51 75.69 5.39 0.00 0.00 97.18 
13 0.94 38.26 0.24 35.00 0.67 0.06 3.31 1.15 1.33 33.33 0.50 77.05 4.28 0.00 0.00 101.66 
14 0.95 38.15 0.14 36.33 1.00 0.06 2.90 0.86 1.33 34.00 0.50 77.77 3,33 0,00 0.00 104.26 
15 0.95 38.08 0,08 36.67 1.33 0.06 2.58 0.36 1.67 35,67 0.50 78,53 2,11 0.00 0.00 106,65 
16 0.95 38.23 0.15 37.00 1.33 0.05 2.32 0.25 1.67 36.00 0.50 78.73 1.72 0.00 0.00 106.32 
17 0.95 38.07 0.07 37.67 1.33 0.05 2.17 0.13 1.67 37.00 0.50 79.52 0.91 0.00 0.00 109.23 
18 0.95 38.03 0.03 38.00 1.67 0.05 2.21 0.14 1.67 37.33 0.50 79.56 0.70 0.00 0.00 109.62 
19 0.95 38.03 0.03 38,00 1.67 0.05 2.15 0.11 1.67 37.33 0.50 79.68 0.41 0.00 0.00 109.93 
20 0.95 38.02 0.02 38.00 1.67 0.05 2.10 0,08 2.00 37.33 0.50 79.83 0,20 0.00 0.00 110.35 
Full-Sib 0 0.75 42.55 9.74 0,00 0.00 0.25 21.83 27.46 0,00 0.00 0.50 46.44 23,13 0.00 0.00 9,13 
1 0.77 42.24 9,52 0,33 0,00 0.22 19.65 27.61 0,00 0.33 0.50 48.21 22.64 0.00 0.00 14,14 
2 0.83 40.75 5.49 3.33 0.00 0.20 17.04 19.64 0.00 3.33 0.51 52.80 19.32 0.00 0.00 29,59 
3 0.86 39.81 3.15 10,67 0.00 0.17 13.74 11.30 0.00 9.00 0.52 55.72 19.21 0.00 0,00 40.01 
4 0.88 39.35 1.56 16,00 0.00 0.16 11.64 7.97 0.00 15.33 0.52 58.77 17.98 0.00 0.00 49.40 
5 0.90 39.02 1.33 22.00 0.00 0.15 10.20 5.01 0.00 19.00 0.52 61.90 13.99 0.00 0.00 58.66 
6 0.91 38.65 0.79 25.00 0.33 0.14 9.31 5.50 0.00 21.00 0.52 64.13 14.78 0.00 0.00 65.93 
7 0.92 38.53 0.61 27.67 0.33 0.13 8.64 3.73 0.00 22.67 0.52 65,44 11.25 0.00 0.00 69.82 
8 0.93 38.28 0.59 31.33 0.33 0.13 7.91 3.20 0.00 25.33 0.53 67,99 10.35 0.00 0.00 77.64 
9 0.93 38.11 0.61 32.00 0.67 0.12 7.02 3.04 0.00 26.67 0.52 69.24 10.60 0.00 0.00 81.75 
10 0.93 37.81 0.43 33.33 1.00 0.10 5.63 2.26 0.00 29.33 0.51 72.01 7.88 0.00 0.00 90.59 
11 0.93 37.62 0.38 34.33 1,00 0.09 5.13 1.78 0.33 30,67 0.51 72.97 6.13 0.00 0.00 94.05 
12 0.93 37.56 0.29 35.33 1.33 0.09 4.41 1.31 1.67 32.00 0.51 74.35 4.66 0.00 0.00 98.04 
13 0.93 37.38 0.24 35.67 1.67 0.08 4.15 1.66 2.00 33.00 0.51 75,52 3,03 0.33 0.00 102.13 
14 0.93 37.43 0.25 36.67 2.00 0.08 3.89 0.82 2.33 34.00 0.51 76.38 2.83 0.33 0.00 104.21 
15 0.93 37.30 0.14 36.67 2.33 0.08 3.89 0.68 2.33 34.67 0.51 77,19 2.87 0.33 0.00 107.11 
16 0.93 37.29 0.12 37.00 2.33 0.08 3.59 0.50 2.33 34.67 0.50 77.60 2.04 0.33 0.00 108.28 
17 0.93 37.22 0.10 37.00 2.33 0.08 3.53 0.38 2.33 35.67 0.50 78.04 1.44 0.33 0.00 109.83 
18 0.93 37.22 0.08 37.00 2.67 0.08 3.39 0.25 2.67 36.00 0.50 78,47 0.82 0.33 0.00 111.06 
19 0.93 37.27 0.05 37.00 2.67 0.08 3.32 0.12 2.67 36.33 0.50 78,62 0.63 0.33 0.00 111.16 
20 0.93 37.31 0.02 37.00 2.67 0.08 3.32 0.17 2.67 36.33 0.50 78,58 0.74 0,33 0,00 110.88 
Table B.28 Progress from reciprocal recurrent selection for complete dominance and dominance x dominance 
interactions genetic model; additional generation of selfing; starting gene frequencies P^ = 0,75, 
PB = 0.25. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean AA aa Freq. Mean AA aa Heterosis% 
Half-Sib 0 0.75 42.36 11.36 0.00 0.00 0.25 22.45 27.12 0.00 0.00 0.50 46.43 21.74 0.00 0.00 9.62 
1 0.83 41.32 4.58 1.33 0.00 0.24 21,54 18,82 0.00 0.67 0.53 50,63 18.46 0,00 0.00 22.55 
2 0.87 40.24 2.26 11.67 0.00 0.22 19.06 19.63 0.00 3.33 0.55 54,33 17.18 0,00 0.00 35.02 
3 0.91 39.75 1.12 18.67 0.00 0.18 15.02 14.13 0.00 10.33 0.55 58,99 16,83 0.00 0.00 48,48 
4 0.93 39.62 0.67 24.00 0.00 0.14 10.84 9,11 0.33 15.67 0.53 63.40 15.57 0.33 0.00 60.05 
5 0.95 39.50 0.44 29,33 0.00 0.11 7.87 5.19 0.33 22.33 0.53 67.32 10.77 0.33 0,00 70.42 
6 0.96 39.45 0.34 33,00 0.00 0.09 6.34 4,59 0.33 25,00 0.53 69.90 8.01 0.33 0.00 77.16 
7 0.97 39.43 0.18 35.33 0.33 0.07 4.97 2,95 0.33 28.00 0,52 72.69 6.21 0.33 0.00 84.30 
8 0.98 39.52 0.13 37.67 0.33 0.06 3,81 2.49 0.33 32,33 0.52 75.06 4.01 0.33 0.00 89.93 
9 0.98 39.44 0.20 38.00 0.33 0.05 3.25 1.65 0.33 33.00 0.52 76.28 3.35 0.33 0.00 93.38 
10 0.98 39.35 0.20 38.67 0.33 0,05 2,62 0.77 0.67 35.00 0,51 76.86 2.75 0.33 0.00 95.30 
11 0.97 39.16 0.18 38.67 0.33 0,04 2.21 0.55 1.00 36.00 0.51 77.93 1.35 0.33 0.00 99.03 
12 0.97 39.00 0.14 38.67 0.33 0.04 1.94 0.33 1.33 37.00 0.51 78.25 0.96 0.33 0.00 100.68 
13 0.97 38.91 0.07 38.67 1.00 0.04 1.90 0.18 1.33 37.67 0.51 78.41 0.95 0.33 0.00 101.58 
14 0.97 38,90 0.07 38,67 1.00 0.04 1.86 0.15 1.33 37.67 0.51 78.53 0,72 0.33 0.00 101.94 
15 0.97 38.75 0.07 38.67 1.00 0.04 1.75 0.09 1.33 37.67 0.50 78.81 0.51 0.33 0.00 103.52 
16 0.97 38.76 0.07 38.67 1.00 0.04 1.67 0.00 1.67 38.33 0.50 79.10 0.14 0.33 0.00 104.26 
17 0.97 38.67 0.00 38.67 1.33 0.04 1.67 0.00 1.67 38,33 0.50 79.20 0.00 0.33 0,00 105,07 
18 0.97 38.67 0.00 38.67 1.33 0.04 1.67 0.00 1.67 38.33 0.50 79.20 0.00 0.33 0.00 105.07 
19 0.97 38.67 0.00 38.67 1.33 0.04 1.67 0.00 1.67 38.33 0.50 79.20 0,00 0.33 0,00 105.07 
20 0.97 38.67 0.00 38.67 1.33 0.04 1.67 0.00 1.67 38.33 0.50 79.20 0.00 0.33 0.00 105.07 
Full-Sib 0 0.75 42.36 11.36 0.00 0.00 0.25 22.45 27.12 0,00 0.00 0.50 46.43 21,74 0.00 0,00 9.62 
1 0.82 41.49 4.29 2.67 0.00 0.25 21.66 21.15 0.00 0.67 0.53 50.79 20.59 0.00 0.00 22.41 
2 0.85 40.00 2.87 12.00 0.00 0.22 17.97 20.01 0.00 4.00 0.54 54.91 19.36 0.00 0.00 37.29 
3 0,88 39.31 1.91 16.67 0.33 0.20 15.26 13.25 0.00 9.67 0.54 58,60 17.21 0.00 0.00 49.05 
4 0.90 39.08 1.45 23.33 0.33 0.16 11.79 8.25 0.00 17.00 0.53 62.23 14.35 0.00 0.00 59.22 
5 0.91 38.99 1.12 26.00 0.33 0.14 9.62 6.53 0.00 19.33 0.52 64,91 11.63 0.00 0.00 66.44 
6 0.93 38.95 0.79 29.67 0.33 0.12 7.48 4.75 0.33 23.67 0,52 68.73 12.62 0.00 0.00 76.45 
7 0.95 39.03 0.67 32.67 0.33 0.09 5.58 2.95 0.67 28.33 0.52 71.98 8.15 0.00 0.00 84.41 
8 0.95 38.89 0.53 35.00 0.33 0.08 4.49 1.97 1.00 32.33 0.51 74.23 5.46 0.00 0.00 90.88 
9 0.96 39.10 0.54 36.00 0.33 0.07 3.64 1.47 1.00 34.00 0.51 75.42 4.40 0.00 0.00 92,90 
10 0.95 38.71 0.48 36.67 0.33 0.06 3.27 0.80 1.00 35.00 0.51 76.49 3.56 0.00 0.00 97.60 
11 0.95 38.59 0.49 37.00 0.33 0.06 2,76 0.19 1.33 36.67 0.51 77.40 3.07 0.00 0.00 100.65 
12 0.95 38.46 0.58 37.00 0.33 0.06 2.77 0.20 1.33 36.67 0.51 77.74 2.55 0.00 0.00 102,28 
13 0.94 38.08 0.38 37.00 0.67 0.06 2.62 0.17 1.67 37.00 0.50 78.72 1.73 0.00 0.00 107.05 
14 0.94 37.93 0.16 37.00 1.00 0.06 2.49 0.12 2.00 37.00 0.50 79.19 1.23 0.00 0,00 109.17 
15 0.94 37.75 0.07 37.33 2.00 0.06 2.41 0.15 2.00 37.00 0.50 79.33 0.78 0.00 0.00 110.60 
16 0.94 37.73 0.05 37.67 2.00 0.06 2.39 0.05 2.00 37.33 0.50 79.70 0.44 0.00 0,00 111.81 
17 0.94 37.67 0.00 37.67 2.33 0.06 2.39 0.05 2.33 37.33 0.50 79,91 0.09 0.00 0.00 112.78 
18 0.94 37.67 0.00 37.67 2.33 0,06 2.33 0.00 2,33 37.67 0.50 79.97 0.00 0.00 0.00 112.95 
19 0.94 37,67 0,00 37.67 2.33 0,06 2,33 0.00 2.33 37,67 0.50 79.97 0.00 0,00 0.00 112,95 
20 0.94 37,67 0,00 37.67 2.33 0.06 2,33 0.00 2.33 37,67 0.50 79.97 0.00 0,00 0.00 112.95 
Table B.29 Progress from reciprocal recurrent selection for complete dominance, additive x additive and additive 
x dominance interactions genetic model; starting gene frequencies Pj[ = 0.5, PB = 0.5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci 
°G 
Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean AA aa Freq. Mean 4 AA aa Het,erosis% 
Half-Sib 0 0.50 36.87 25.84 0.00 0.00 0,51 37.19 24.63 0.00 0.00 0.51 37.25 17,70 0,00 0.00 -0.19 
1 0.55 40.77 23.89 0.00 0.00 0.53 38.97 22.22 0.00 0.00 0.54 40.11 14,23 0.00 0.00 -2.48 
2 0.60 42,92 21,72 0.67 0.00 0.58 41.20 19.42 0.00 0.00 0.59 43.39 12.80 0.00 0.00 -0.64 
3 0.62 43.87 22.43 1.00 0.00 0.61 42.58 18.54 2.00 1.33 0.62 45.84 14.81 0,00 0.00 1.96 
4 0.67 46,03 23.75 2.33 0.00 0,63 43.64 21.41 4.00 1.67 0.65 48.20 13.40 0.33 0.00 0.71 
5 0.69 47.06 22.58 7.00 0.33 0.66 44.48 19.95 8.00 2.00 0.68 50.10 13.65 1.00 0.00 3.56 
6 0.72 48.19 22.95 10.67 0.67 0.67 43.84 20.73 10.33 2.33 0.69 51,91 12,03 2.00 0.00 6.06 
7 0.74 49.39 18.80 11.33 1.00 0,68 44.46 18.08 11,67 3.00 0.71 53,76 11,74 2.67 0.00 9.28 
8 0.75 49,00 18.39 13.67 1.67 0.71 44.31 17,60 14.00 3.33 0.73 55.92 10,61 3.67 0.00 13.64 
9 0.77 50.58 19.57 16.67 1.67 0.71 43.82 19.49 16.67 4,67 0,74 58,52 7.19 6.00 0.00 15,98 
10 0.79 52.09 15.98 19,33 2.00 0.73 44.80 14.74 17,33 4.67 0.76 60.23 7,83 7.33 0.00 15,86 
11 0.80 51.51 15.48 21.67 2.33 0.75 45.61 11.43 20.00 5,00 0.77 62,16 5.33 9.67 0,00 20,85 
12 0.80 51.75 11.61 23.33 3.00 0.75 44,70 13.29 20.67 5.33 0.78 63,29 4.74 11.00 0.00 22,38 
13 0.81 51.50 11.46 25.67 3.00 0,75 44.29 10.72 21.33 5.33 0.78 63,65 4.63 11.67 0.00 23.82 
14 0.81 51.73 8,60 26.67 3.67 0,76 44,52 8.81 22.67 5.33 0,78 64,41 3.99 13.00 0.00 24.80 
15 0.82 52.13 13,21 27.67 3.67 0.75 44.58 8.96 24.00 6.00 0.79 65.22 3.23 14.00 0.00 25.42 
16 0.82 51.78 10.79 28.67 3.67 0.76 44.67 7.19 25.00 6.00 0.79 65.92 3.63 16.00 0.00 27.70 
17 0.83 51.63 9.72 29.00 4.00 0.76 44.30 7.31 25.33 6.33 0,79 66.68 3.28 16.33 0,00 29.85 
18 0.83 52.27 5,43 29.67 5.33 0.76 44.59 7.19 25.67 6.67 0.80 67.52 3.09 17.00 0.00 29.85 
19 0.84 52.73 3.50 30.00 5.33 0.76 44.33 6.04 26.67 7.00 0.80 68.25 1.91 18.00 0.00 30.08 
20 0.84 52.61 2,80 30,00 5.33 0.76 44.41 7.68 27.00 7.33 0,80 68.33 1.56 18,33 0.00 30.49 
Full-Sib 0 0.50 36.87 25.84 0.00 0.00 0,51 37.19 24.63 0.00 0.00 0.51 37.25 17.70 0,00 0.00 -0.10 
1 0.54 39.29 18.89 0.00 0.00 0.53 38.92 19.63 0.00 0.00 0.53 39.61 14,30 0,00 0.00 0.79 
2 0.56 39.87 18.20 0.33 0.00 0.57 41.18 18.21 0.33 0.00 0.56 41,44 13,79 0.00 0.00 -2.14 
3 0.58 40.30 19.62 1.00 0.00 0.60 42.26 21.10 1.00 0.33 0.59 43.40 12.55 0.00 0.00 -1.36 
4 0.60 40.90 20.04 2.00 0.00 0.63 43.33 19.13 1.67 0.33 0.62 46.23 14.60 0.00 0.00 4,54 
5 0.63 42.26 18.52 5.33 0.33 0.65 42.96 17.84 4.00 0.67 0.64 48.36 14,49 0.00 0.00 8.45 
6 0.64 41.29 14.85 9.00 2.00 0,68 44.58 17.87 7.33 1.00 0.66 51.69 10.43 0.67 0,00 15,94 
7 0.65 41.09 15.53 10.00 3.33 0.71 45.23 12.46 9.00 2.00 0.68 53.76 11,39 1.33 0.00 18.95 
8 0.67 41.89 13.44 12.00 3.33 0,73 45.90 12.97 13.33 3.00 0.70 56.02 9.82 2,67 0.00 22.29 
9 0.69 42.39 12.93 16.00 4.00 0,74 45.78 10.64 17,00 4.00 0.71 57.67 8.88 4,33 0.00 26.26 
10 0.70 43.15 11.71 17.00 4,33 0.75 47.05 9.67 18.33 4,00 0.73 59.04 10.17 6,00 0,00 25.62 
11 0.72 43.82 10.69 18.33 4.33 0,77 45.98 6.92 19.67 4.33 0,74 61,05 6.95 7.33 0.00 31.43 
12 0.73 44.02 9.91 19.33 4.33 0.77 46.01 5.55 22,67 4,67 0.75 61.73 7.17 9.00 0.00 33.95 
13 0.75 45.53 10.24 20.67 5.33 0,79 45.35 4.67 26.00 5.67 0.77 63,96 6.33 12,00 0.00 35.85 
14 0.75 45.50 9.44 23.33 6.00 0,79 45.34 4.48 27.00 6.33 0.77 64.90 5.40 14.00 0.00 37.43 
15 0.76 47.19 8.15 23.33 6.00 0.79 45.55 3.38 28.33 6.33 0.78 66.00 5.51 15.00 0.00 34.52 
16 0.77 46.39 7.46 24.00 6.00 0.80 46.47 2.82 29.33 6.67 0.79 67.53 3.54 16.00 0.00 37.65 
17 0.77 46,27 5.70 24.33 6.00 0.81 47.06 2.91 29.33 6.67 0.79 68.38 3.45 16.33 0.00 37.54 
18 0.78 46.15 4.46 26,00 6.33 0,82 47.75 2.54 30.00 6.67 0.80 69,33 2.23 18.33 0.00 36.61 
19 0.78 45.97 3.19 27.00 6.67 0.82 48.18 1.73 30.67 6.67 0,80 70,21 2.13 19.33 0.00 38,76 
20 0.79 45.96 2.17 28.67 7.00 0.82 48.61 1.01 31.33 6.67 0.81 70,88 1.05 21.33 0.00 39.70 
Table B.30 Progress from reciprocal recurrent selection for complete dominance, additive x additive and additive 
x dominance interactions genetic model; additional generation of selfing; starting gene frequencies 
P/i = 0,5, Pb — 0.5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean a2G AA aa Freq. Mean AA aa Heterosis% 
Half-Sib Û 0.50 36.11 25.3d 0.00 Ô.ÔÔ 0.50 36.94 24.17 0.00 0.00 0.50 36.59 19.30 0.00 0.00 -0.95 
1 0.58 42.96 17.12 0.00 0.00 0.57 42.22 17.48 0.00 0.00 0.58 42.79 14.16 0.00 0.00 -0.38 
2 0.62 44.96 19,63 1.33 0.00 0.60 43.83 19.50 0,00 0.00 0.61 45.95 12.31 0,00 0.00 2.18 
3 0.66 45.99 21,71 3.33 0.00 0.63 44.71 18.75 0,67 0.00 0.64 48.54 12,15 0.00 0.00 5.16 
4 0,69 46.85 23.58 8.33 0.67 0.65 44.71 23,40 2.67 0.00 0.67 50,84 12.21 0,33 0.00 8.51 
5 0.73 46.63 23.00 11,00 1.33 0,67 45.97 23,50 5.33 0,33 0.70 53.74 9,58 0.67 0.00 14.55 
6 0.75 47.82 22.77 14.00 1.33 0,70 46.06 23.72 10.00 1.67 0.73 56.41 9.72 2.67 0.00 17.97 
7 0.77 48.91 22.74 16.00 1.67 0,73 47.26 17.47 14.00 2,00 0.75 58.99 10.12 4,00 0.00 20.70 
8 0.80 50.48 14.16 20.00 2.00 0.75 47.92 19.15 16.00 2.00 0,77 60.78 8.65 5.67 0.00 20.00 
9 0.82 51.39 16.13 23.00 2.33 0,76 48.24 17.78 19.00 2.33 0,79 63.29 7.18 9,67 0.00 22.60 
10 0.83 52.09 11.32 25.00 2.33 0.77 47.54 15.76 21.00 3.33 0.79 64.48 6.09 11.33 0.00 24.52 
11 0.84 52.96 8.65 27.00 2.33 0.79 49.73 11.93 22.00 4.00 0.82 66,54 4.71 13.00 0.00 25.95 
12 0.84 50.96 7.90 28.00 3.00 0.78 48.65 11.36 22.67 4.00 0.81 67,51 4.33 14.00 0.00 32.41 
13 0.85 51.62 6,76 29.00 3.33 0.79 49.37 6.66 26.00 4.67 0.82 68.82 3.76 17.33 0,00 33.48 
14 0.85 51.82 5.93 30.67 3.67 0.80 49.52 7.88 27.33 4.67 0.83 69.95 2.92 19.67 0,00 35.30 
15 0.86 51.45 4.84 31.67 3.67 0.81 48.99 4.35 29.00 5.00 0.83 70.81 2.32 21.67 0,00 37.81 
16 0.86 51.29 2.93 31.67 4.33 0.81 49.36 3.33 30,00 6.00 0.83 71.80 1.47 22.33 0.00 40.23 
17 0.86 52.08 2.30 32.33 4.67 0.81 49.50 3.44 30.67 6.00 0.84 72.39 1.24 23.00 0,00 39.28 
18 0.86 51,76 2.32 33.00 4.67 0.81 48.82 2.23 31.00 6.33 0,83 72.77 0.87 24.00 0.00 40.95 
19 0.86 51.84 1.95 33.67 4.67 0.81 49.09 1.40 31.33 6.67 0.84 73.27 0.62 25.00 0,00 41.59 
20 0.86 51.84 1.85 33.67 5.00 0.81 49.05 0.83 31.67 7.00 0.84 73.31 0.38 25.33 0,00 41.69 
Full-Sib 0 0.50 36.11 25.36 0.00 0.00 0.50 36.94 24.17 0.00 0.00 0.50 36.59 19.30 0.00 0,00 -0.95 
1 0.56 40.76 21.76 0.00 0.00 0.55 40.72 21,92 0,00 0.00 0.56 41.07 14,76 0.00 0.00 -1.50 
2 0.61 43.40 20.18 1.33 0.00 0.60 43.77 25.08 0.33 0.00 0.61 45.60 14,35 0.00 0.00 3.69 
3 0.64 44.04 18.73 5.00 0.33 0.65 45.92 19.01 3.33 0.33 0.65 49.39 13.29 0.33 0.00 6.49 
4 0.68 44.11 15.85 8.00 1.00 0.69 45.98 21.48 6.67 0.67 0.69 53.14 10.77 1.33 0.00 15.31 
5 0.70 44.20 15.17 13.00 3.00 0.70 45,48 20.27 10.33 1.00 0.70 55.39 10.05 2,00 0,00 20.08 
6 0.72 44.63 12.16 15.33 3.00 0.72 45.40 13.22 15.00 2.00 0.72 58.05 7.98 5.00 0.00 26,10 
7 0.73 44.40 11.89 17.00 3.00 0,76 45.82 14.17 18.67 3.00 0.74 60.10 7.61 7.33 0.00 30.83 
8 0.75 44.03 11.00 20.67 3.67 0.77 47,59 18.43 21.00 3.33 0,76 62.21 5.50 9,67 0.00 31,15 
9 0.76 44.63 5.87 23.00 5.00 0.79 48.72 13.25 24.33 3.33 0.78 64.46 4.70 12.67 0.00 33.03 
10 0.77 45.35 4.49 25.67 5.33 0.79 48.03 11.48 25.00 4,33 0.78 66.11 4.50 15.00 0.00 36.90 
11 0.79 46.79 4.94 26.33 5.33 0.80 48.54 6.79 27.00 4,33 0.79 67.70 3,25 16.67 0.00 36.14 
12 0.80 47.98 4.81 27.00 5.33 0.80 47.77 3.44 28,33 5.00 0.80 68.72 2.81 18.33 0,00 38.27 
13 0.81 48.67 3,42 28.33 5.33 0.80 48.42 3.87 28.33 5,33 0.81 69.64 3.28 19.67 0.33 39.25 
14 0.81 48.38 5.63 29.00 5.33 0.82 49.72 3.39 29.67 5.33 0.81 70,73 2.75 20.33 0.33 40.62 
15 0.82 49.04 2.96 30.33 5.33 0.82 49,87 1,82 30.67 6.33 0.82 71.94 1.14 22.00 0.33 43.39 
16 0.83 49.48 2.78 30.67 5.67 0.83 50.63 0.93 31.67 6.33 0.83 72,39 0.94 23.00 0.33 43.16 
17 0.83 49.74 1.86 31.33 6.00 0.83 50.89 1.36 31.67 6.33 0.83 72,72 0,91 23,67 0.33 42.99 
18 0,83 49.90 1.95 32.00 6.00 0.84 51.30 0.62 32.67 6.33 0.83 73,11 0,81 25.00 0.33 42.32 
19 0,83 50.08 2.23 32.00 6.00 0.84 51,26 0.48 33.00 6.33 0.83 73,36 0.84 25.33 0,33 43.16 
20 0.84 50.44 1.98 32.67 6.00 0.84 51.40 0.35 33.00 6.33 0.84 73,82 0.73 26.00 0,33 43.29 
Table D.31 Progress from reciprocal recurrent selection for complete dominance, additive x additive and additive 
x dominance interactions genetic model; starting gene frequencies P,\ = 0.75, PB = 0.25. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean AA aa Freq. Mean °G AA aa Freq. Mean AG AA aa Heterosis% 
Half-Sib 0 0.75 54.15 '26.71 0.00 0.00 0.25 18.58 13.57 0.00 0,00 0.50 38.63 15.05 0.00 0.00 -28.65 
1 0.80 56.66 22.00 0.67 0.00 0.28 20.18 15.32 0.00 0.33 0.54 41.39 13.18 0.00 0.00 -26.94 
2 0.83 55.88 22,65 6.00 0.00 0.31 22.10 9.64 0.00 1.67 0.57 44.81 9.15 0.00 0.00 -19.78 
3 0.85 56.78 22.04 10.00 0.00 0.34 23.39 10.89 0,00 3.33 0,59 46.35 11.32 0.00 0.00 -18.34 
4 0.88 57.90 21.25 15.00 0.00 0.34 23.98 11.65 0,33 5.33 0.61 48.17 9.69 0.00 0.00 -16,79 
5 0.88 56.06 15.14 18.67 0.00 0.36 24.16 12.58 0.67 6.67 0.62 49.45 9.91 0.33 0.00 -11.79 
6 0.88 54.88 15.43 23.67 0.00 0.39 25.68 13.46 1.33 8.67 0.64 51.44 8.72 1.00 0.00 -6.30 
7 0.90 54.76 13.38 25.00 0.00 0.42 26.81 9.06 2.33 9.00 0,66 53.30 9.04 2.00 0.00 -2.67 
8 0.90 54.51 11,18 28.33 0.00 0.44 27.22 8.55 4.33 10.00 0.67 55.41 7.75 3.33 0.00 1.64 
9 0.92 54.60 10.94 31.00 0.00 0.45 27.50 7.19 5.33 11.33 0.69 57.65 6.15 4.33 0.00 5.60 
10 0.92 54.51 6.15 32.33 0.33 0.47 27.79 4.96 7.33 13.00 0.70 59.65 5.37 6.00 0.00 9.40 
11 0.93 54.43 5.47 33.00 0.33 0.48 27.89 5.40 9.67 13.33 0.70 60,69 4.34 7.67 0,00 11,56 
12 0.93 54.57 4.80 33.67 0.33 0.48 27.87 4.86 11,33 15.00 0.71 61.81 3.82 9.33 0.00 13.29 
13 0.94 54.85 3.80 34.33 0.67 0.49 28.76 4.97 12.33 15.67 0.72 63,10 2.73 10.67 0.00 15.19 
14 0.95 55.66 3.23 35.33 0.67 0,50 29.01 3.89 14.00 16.00 0.73 64.02 2.73 13.00 0.00 15.14 
15 0.96 55.76 2,52 35.33 0.67 0.51 29.17 4.00 15.00 16.67 0.73 64.50 1.76 13.67 0.00 15.82 
16 0.96 55.71 2.56 35.67 1.00 0,52 29.29 2.51 15,67 17.00 0.74 65.07 1.45 14.67 0.00 16.92 
17 0.96 56.19 2.24 35.67 1.00 0.52 29.33 2.24 17,00 17.00 0.74 65.54 1.25 16.00 0,00 16.87 
18 0.96 56.19 1.89 36.00 1.00 0.53 29.39 2.16 17.67 17.00 0.74 65.61 0.91 16.67 0.00 17.10 
19 0.96 56.34 1.26 36.33 1.00 0.53 29.55 1.30 17.67 17.33 0.75 65.89 0.62 16.67 0.00 17.30 
20 0.97 56.85 0.95 37.00 1.00 0.53 29.47 0.95 17.67 17.33 0.75 65,86 0.71 16.67 0.00 16.20 
Full-Sib 0 0.75 54.15 '26.71 0.00 0.00 0.25 18.58 13.57 0.00 0.00 0.50 38.63 15.05 0.00 0.00 -28.65 
1 0.80 55.94 25.55 0.67 0.00 0.26 19.51 12.53 0.00 0.33 0.53 41.27 10.29 0.00 0.00 -26.22 
2 0.84 54.17 16.41 5.67 0.00 0.30 21.41 13,70 0.00 1.33 0.57 45.08 10.85 0.00 0.00 -16.69 
3 0.86 53.96 18.63 14.67 0.00 0.32 23.03 16.32 0.00 3.33 0.59 46.69 11.56 0.00 0.00 -13.47 
4 0.89 53.03 13.16 20.67 0.00 0.35 25.13 16.85 0.00 4.00 0.62 49.30 10.20 0.00 0.00 -7.04 
5 0.90 52.78 13.31 24,67 0.00 0.39 26.72 10.63 0.67 6.00 0.65 51.48 9.02 0.67 0.00 -2.45 
6 0.92 53.40 9,90 28.33 0.00 0.41 27.31 10.04 0.67 6.67 0.66 53.62 7.96 0.67 0.00 0.44 
7 0.93 53.18 7.52 30.33 0.00 0.44 28.12 9.74 2.00 7,33 0.68 55.49 7.22 1.33 0.00 4.35 
8 0.93 53.97 6.74 31.00 0.33 0.46 29.12 13.18 3.33 8,00 0.70 57.11 7.87 2.00 0.00 5.78 
9 0.94 53.81 5.14 32.67 0.67 0.49 30.92 9.60 5.33 9.33 0.72 59,18 5.15 4,00 0.00 9.94 
10 0.95 54.62 5.44 33.67 0.67 0,53 32.58 7.53 7.67 9.67 0,74 60.85 4.94 6.00 0.00 11.41 
11 0.95 54.36 3.61 35.00 0,67 0,55 33.87 8.80 9.33 10.67 0,75 61.89 4.26 8.67 0.00 13.87 
12 0.95 54.57 3.15 36.00 0.67 0,57 34.75 7.89 12.00 10.67 0.76 63.26 3.35 11.00 0,00 15.89 
13 0.96 55.17 2.47 36.33 0.67 0.57 34.60 6.88 14.67 11.67 0.76 64.29 2,30 13.33 0.00 16.48 
14 0.96 55.26 2.15 36,33 0.67 0,57 34.24 7.01 15.33 12.00 0.76 64.50 2,18 14.00 0.00 16.67 
15 0.96 55.26 2.01 36.67 0.67 0.57 34.31 4.88 16.67 12.67 0.76 65.51 1.90 15,00 0.00 18.48 
16 0.95 54.95 1.41 37.00 1.00 0,57 34.02 5.65 17.00 13.00 0.76 65.60 1.78 15.33 0.33 19.33 
17 0.96 55.13 2.01 37.33 1.00 0.58 34.29 3.52 18,33 13.33 0.77 66.24 1.33 17.00 0.33 20.10 
18 0.96 55.34 1.20 37.67 1.00 0.58 34.55 3.41 19.67 13.67 0.77 66.66 1.45 18.33 0.33 20.40 
19 0.96 55.54 1.61 37.67 1.00 0.59 34,68 3.04 20,33 14.33 0.77 67.07 1.41 19,00 0.33 20.74 
20 0.96 55.70 1.39 37.67 1.00 0.59 35.03 2.95 21.00 14.67 0.78 67.41 1.21 19.67 0.33 20.98 
Table B.32 Progress from reciprocal recurrent selection for complete dominance, additive x additive and additive 
X dominance interactions genetic model; additional generation of selfing; starting gene frequencies 
PA = 0.75, PB = 0.25. 
RR.S Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean AA aa Freq. Mean °G AA aa Het,erosis% 
Half-Sib Û 0.75 53.65 26.63 0.00 0.00 0.25 18.59 13.55 0.00 0.00 0.50 38.66 12,33 0.00 0.00 -27,94 
1 0.80 54.55 21.29 2.67 0.00 0.31 22.60 15.79 0.00 0.00 0.55 43.26 12.66 0.00 0.00 -20.69 
2 0.84 55.52 20.53 8.00 0.00 0.34 24,92 15.02 0.00 0.67 0.59 46.94 12.53 0.00 0.00 -15.44 
3 0.87 55.24 18.87 15,67 0.00 0.37 25.54 12.50 0.33 4.67 0.62 49,42 9.46 0.33 0.00 -10.42 
4 0.89 53.22 13,90 21.00 0.00 0.41 27.28 12,03 1.33 7.00 0.65 52.39 7.41 1.00 0.00 -1.39 
5 0.90 52.77 13.76 24.00 0.00 0.42 27.22 10.89 2.67 7.67 0.66 53,64 5.97 2.33 0.00 1.93 
6 0.91 52.48 10.26 27.00 0.33 0.44 27.61 9.88 4.33 9.33 0.68 55.51 4.95 2.67 0.00 6.21 
7 0.93 53.95 8.47 29.67 0.67 0.46 27.98 9.05 7.33 10.67 0.69 56.98 4.32 4.33 0,00 5.95 
8 0.94 54.37 11.73 31.67 0.67 0.47 28.25 11.52 8.33 11.00 0.70 57.78 3.50 6.00 0,00 6.47 
9 0.95 54.04 8.67 32.67 0.67 0.49 28.11 5.02 10.33 11.67 0.72 59.52 3.70 7.67 0,00 10.30 
10 0.96 56.14 7.27 35.00 0.67 0,50 28.45 7.33 12.67 12.33 0.73 61.25 2,81 10.33 0.00 9.15 
11 0.97 56.81 3.97 35.33 0.67 0.52 28.68 5.01 14.00 13.00 0.74 62,31 1.98 11.67 0.00 9.76 
12 0.97 57.35 2.67 36.67 0.67 0.53 28.57 4.18 15.33 13.33 0.75 63,00 1.95 13.33 0.00 9.87 
13 0.97 57.08 1.43 37.67 0.67 0.52 27.62 3.74 16.67 14.33 0.74 63.62 1.57 15.33 0.00 11.55 
14 0.97 57.66 1.28 38.00 0.67 0.53 27.99 2.81 18.00 15.33 0.75 64.26 1.09 16.67 0.00 11.56 
15 0.97 57.85 1.18 38.33 0.67 0.54 28.10 1.92 19.00 15.67 0.76 64.86 0.62 17.67 0.00 12.23 
16 0.98 58.27 1.36 38.33 0.67 0.54 27.99 1.93 19.67 16.33 0.76 65.01 0.59 18.33 0.00 11,65 
17 0.98 58.27 1.28 38.33 0.67 0.54 28.06 1,64 20.33 16.33 0.76 65.28 0.47 19.00 0.00 12.11 
18 0.98 58.43 0.88 38.33 0,67 0.55 27.95 1.10 20.33 16.67 0.76 65.43 0.39 19.00 0.00 12.11 
19 0.98 58.58 0.77 38.67 0.67 0.55 27.95 0.77 20.67 16,67 0.76 65.61 0,26 19.33 0.00 12.12 
20 0.98 58.89 0.55 39.00 0.67 0.55 27.93 0,80 20.67 17.00 0.76 65.50 0.28 19.67 0.00 11.32 
Full-Sib 0 0.75 53.65 26.63 0.00 0.00 0.25 18.59 13.55 0.00 0.00 0.50 38.66 12.33 0.00 0,00 -27.94 
1 0.82 55.05 20.57 2.33 0.00 0.28 20.57 15.32 0.00 0.33 0.55 43.13 13.70 0.00 0.00 -21.64 
2 0.84 53.90 23.01 9.00 0.00 0.33 23.60 13.70 0.00 2.67 0.59 47.23 10.98 0.00 0.00 -12.13 
3 0.87 53.20 19,81 16.00 0.00 0.38 26.40 14.01 0.67 3.67 0.62 50,58 8.98 0.33 0.00 -4.88 
4 0.90 53.83 11.57 22.00 0.00 0.41 27.63 10.42 0.67 6.67 0.65 52.86 7.22 0.33 0.00 -1.64 
5 0.92 54.02 11.12 27.00 0.00 0.43 28.18 10.54 2.67 8.00 0.67 54.83 7.10 1.33 0.00 1.71 
6 0.94 55.63 12.89 30.00 0.00 0.45 28.93 9.96 4.33 9.00 0.69 57.41 6.00 1.67 0.00 3.32 
7 0.95 55.75 11.13 31.67 0.00 0.47 29.82 13.00 6.33 9.33 0.71 58.91 5.15 4.00 0.00 5.83 
8 0.96 56.80 8.21 34.33 0.00 0.49 30.37 9.05 8.67 10.00 0.72 60.43 4.31 6.67 0.00 6.65 
9 0.96 56.31 5.73 34.33 0.00 0.50 30.38 10.34 11.33 11.33 0.73 62.08 3.78 8.33 0,00 10.48 
10 0.96 56.65 4.50 35.33 0.33 0.51 29.94 11.12 12.67 13.00 0.73 63.18 2.72 10.00 0.00 11.88 
11 0.96 57.06 3.28 36.33 0.33 0,51 29.53 8.23 15.33 14.00 0.74 63.87 1.90 12,67 0,00 12.35 
12 0.97 57.54 2.89 37.00 0.33 0.52 29.85 4.70 16.00 14.00 0.75 64.21 1.91 13.67 0.00 11.92 
13 0.97 57.89 2.70 37.33 0.33 0.52 29.72 7.49 16.67 14.33 0.75 64.71 1.50 14.33 0.00 12,02 
14 0.97 58.09 2.32 37.67 0.33 0.53 30.33 5.77 17,33 14.67 0.75 65.30 1.51 15.33 0.00 12.65 
15 0.97 58.20 2.15 37.67 0.33 0.54 30.92 3.96 17.67 14.67 0.75 65.89 1.24 15.67 0.00 13,35 
16 0.97 58.04 1.91 38.00 0.33 0.54 31.40 3.47 18.67 15.00 0.76 66.50 1.18 17.00 0.00 14.75 
17 0.97 57,66 0.70 38.33 0.67 0.54 31.40 2,90 19.33 15.33 0.76 66.71 0.82 18.00 0.00 15.79 
18 0.97 57.81 0.51 38.33 0.67 0.54 30.90 2,07 19.33 16.33 0,76 67.03 0.64 18.00 0,00 16.03 
19 0.97 58.04 0.64 38.33 0.67 0.53 29.80 0.96 19.33 16.67 0.75 67.31 0.48 18.00 0,00 16.06 
20 0.97 58.04 0.11 38.67 0.67 0.53 29.50 1.48 19.67 17.33 0,75 67.37 0.39 18.33 0.00 16.17 
Table B.33 Progress from reciprocal recurrent selection for complete dominance, additive x additive and domi­
nance x dominance interactions genetic model; starting gene frequencies = 0.5, Pg = 0.5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean aG AA aa Freq. Mean °a AA aa Freq. Mean «G AA aa Heterosis% 
Half-Sib 0 0.50 35.38 22.72 0,00 0.00 0.50 35.40 18.67 0.00 0.00 0.50 35.32 13,68 0.00 0.00 -1.25 
1 0.54 37.18 15.85 0,00 0.00 0.53 37.33 15.34 0.00 0.00 0.53 36.93 11.85 0.00 0.00 -3.40 
2 0.56 37.33 16.27 0.00 0.00 0.55 37.54 19.15 0.00 0.00 0.56 37.92 12.84 0.00 0.00 -1.44 
3 0.59 38.47 15.73 0.33 0.33 0.58 38.93 19.93 1.33 0.00 0.58 40.14 10.31 0.00 0.00 -0.11 
4 0.62 39.53 14,22 1.00 0.33 0.60 38.93 16.23 3.00 0.00 0.61 42.31 12.88 0.00 0,00 6.29 
5 0,64 39.86 13.15 2.33 0.67 0.62 39.45 13.14 5.00 0.67 0.63 43.81 11,28 0.67 0.00 6.36 
6 0.66 40.87 14.00 4.33 1.00 0.64 40.41 11.78 6.33 1.67 0.65 46.32 12,69 0,67 0.00 7.91 
7 0.67 40.74 12.61 7.33 1.00 0.64 40.13 11.37 8.67 2.67 0,65 47.85 12.44 1.00 0.00 11.76 
8 0.67 40.88 11.95 10.33 1.00 0.64 40.47 8.92 11.33 3.67 0.66 50.30 9.84 2,33 0.00 15.86 
9 0.69 41.71 11.02 12.00 1.00 0.64 39.90 8.28 13.33 4.00 0.67 51.74 10.60 3.33 0,00 17.80 
10 0.70 42.25 11.16 14.00 2.00 0.65 39.98 8.36 15.00 5.00 0.68 54.50 9.89 4.67 0.00 21.26 
11 0.70 41.91 8.80 17,00 3.00 0.67 40.50 9.10 17.00 6.33 0.69 56.74 11.03 5.67 0.00 24.98 
12 0.71 42.61 8.24 18.00 3.67 0.68 41.24 6,88 18.33 6.33 0.69 58.88 11.86 6.00 0.00 28.53 
13 0,71 42.69 7.90 19.33 5.00 0.68 41,75 4,41 19.33 7.00 0.70 61.57 8.23 6.33 0.00 35,38 
14 0.71 42,98 7.18 21.33 6.00 0.68 41.21 3.65 21.00 7.67 0.69 62,86 7.18 8.33 0.00 37.51 
15 0.71 42.60 5.59 21.33 6.67 0.69 41.94 4.22 21.67 8.33 0.70 64.78 5.10 8.67 0.00 41.61 
16 0.70 42.32 5.81 21.67 7.00 0.69 42.03 5.08 22.67 8.67 0.70 65.51 5.28 8.67 0.00 44.79 
17 0.71 43.15 3.15 22.00 7.00 0.70 42.96 4.53 23.67 9.00 0.70 67.07 5.30 9.33 0.00 46.32 
18 0.72 44.05 2.41 24.33 7.67 0.70 43.31 5.13 24,00 9.33 0.71 68.25 3.75 11.00 0.00 45.70 
19 0.71 44.19 1.99 25.00 7.67 0.70 43.69 3.22 24.33 9.67 0.71 69.05 3.68 12.00 0.00 45.85 
20 0.71 43.96 1.96 26.00 8.33 0.71 44.20 2.82 24.67 10.00 0.71 70.16 3.73 13.00 0.00 47.27 
Full-Sib () 0.50 35.38 22.72 0.00 0.00 0.50 35.40 18.67 0.00 0.00 0.50 35.32 13,68 0.00 0.00 -1.25 
1 0.53 37.02 17.73 0.00 0.00 0.52 36.43 18.81 0.00 0.00 0.53 36.50 10,59 0.00 0.00 -2,29 
2 0.56 36.49 17.37 0.33 0.00 0.56 37.19 16.77 0.33 0.00 0.56 38.54 10.58 0.00 0.00 3,46 
3 0.59 36,56 14,61 1.00 0.33 0.58 36.43 15.87 1.33 0.00 0.58 40.25 11.12 0.00 0.00 6,62 
4 0.61 37.53 13.15 4.00 1.00 0,59 36.78 17.09 2.33 0.00 0.60 41.27 10.06 0.00 0.00 6.90 
5 0.62 38.07 12.04 5.67 1.00 0,61 37.42 13.20 4.00 0,00 0.61 42.74 11.82 0.00 0.00 8,95 
6 0.64 38.09 11.94 9.00 1.67 0.61 37.30 11.75 5.33 1.00 0.63 44,67 9.71 0.33 0.00 14.63 
7 0.66 38.95 8.90 10.33 2.00 0,63 37.21 8.64 6.33 1.33 0.65 46.79 10.74 0.67 0.00 18.39 
8 0.68 39.90 9.85 12.67 2.67 0.64 37.49 9.72 9.33 2.00 0.66 48.81 10.96 1.33 0.00 20.52 
9 0.68 40.21 8.87 13.67 3,00 0.63 36.94 7.67 10.67 2.33 0.66 50.74 11.36 1.67 0.00 24.91 
10 0.68 39.90 7.24 16.00 4.67 0,63 37.06 8.64 12.00 3.67 0,65 52.95 10.90 2.67 0.00 31.09 
11 0.68 39.41 5.17 17.00 5.00 0.63 37.52 6.98 14.00 5.00 0.65 55.07 11.16 3.00 0.00 35.89 
12 0.69 39.98 3.56 19.33 6.00 0.65 38.52 5.67 15.33 5.67 0.67 57.56 8.02 4.33 0.00 40,09 
13 0.69 40.44 4.12 20.67 6.33 0.64 38.18 7.23 16.67 7.33 0.67 59.15 8.36 5.67 0.00 43.41 
14 0.69 39.74 4.32 21,33 6.67 0.64 38.10 4.97 18.00 9.00 0.66 60.99 6.28 6.33 0.00 49.41 
15 0.70 40.54 3.15 23.33 7.33 0.64 37.91 6.30 19.33 9.67 0.67 62.08 5.74 8.00 0.00 52,23 
16 0.69 40.41 2.71 24.00 7.33 0.63 37.35 5.03 20.00 10.67 0.66 62.91 6,46 8,33 0.00 54.61 
17 0.69 40.38 2.18 25.00 8.67 0.63 37.16 3.22 21.00 11.33 0.66 64.36 3.36 9,00 0.00 59.22 
18 0.70 41.10 1.23 25.00 9.67 0.63 37.09 3.80 21.33 11.33 0.67 65.34 4,08 9,33 0.00 58.84 
19 0.70 41.29 0.63 26.00 10.33 0.63 37.55 3.00 22.00 11.33 0,67 65.94 3.33 10.33 0.00 59,51 
20 0.70 41.23 0.41 26.33 11.00 0.63 37.46 2.22 22.33 13.00 0.67 66.70 2.31 10.67 0.33 60.62 
Table B.34 Progress from reciprocal recurrent selection for complete dominance, additive x additive and domi­
nance x dominance interactions genetic model; additional generation of selling; starting gene frequen­
cies P/\ = 0.5, PB = 0.5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean 
*A AA aa Freq. Mean "A AA aa Freq. Mean AG AA aa Heterosis% 
Half-Sib 0 0.50 35.31 19.00 0.00 Û.Û0 0.50 35.26 18.23 0.00 0.00 0.50 35,11 14,41 0.00 0,00 -0.70 
1 0.55 37.63 17.53 0.00 0.00 0.55 37.17 17.87 0.00 0,00 0.55 37.52 11.76 0,00 0,00 -0.90 
2 0.57 37.42 14.14 0.67 0.00 0.59 38.23 19.23 0.67 0,00 0.58 39.53 11.25 0.00 0.00 1.29 
3 0.60 37.74 12.43 3.00 0.00 0.63 39.72 10.92 1.00 0,33 0.61 42.01 11.54 0.00 0,00 5.10 
<1 0,62 39.04 16.78 4.00 0,00 0.68 41.04 10,76 3.33 0.67 0.65 44.84 10.96 0.00 0.00 8.04 
5 0.64 39.91 15.48 7.33 0.67 0.72 43.06 9.67 8.00 0.67 0.68 47.73 10.76 0.67 0.00 9.95 
6 0.66 41.25 12.96 10.33 1.33 0.73 43.85 10.22 13,00 1.00 0.70 51.21 9.93 2.33 0.00 15,28 
7 0.69 43.16 12.89 12.67 2.67 0.76 45.04 7.66 15.33 1.67 0.72 54.87 10.05 3.67 0.00 18.67 
8 0.70 44.75 7.07 17.00 3.67 0.78 47.05 7.60 18.33 2.33 0.74 58,07 8.99 6.00 0,00 19.81 
9 0.71 45.50 8.13 18.67 4.00 0.80 48.17 3.57 23.33 3.33 0.75 61.03 7,71 8.67 0.00 25,05 
10 0.71 45.93 7.70 20.67 4.67 0.80 48.66 2.96 25.00 3.33 0.75 62.69 6.30 11.33 0.00 27.37 
11 0.71 46.39 5.71 22.00 5.67 0.81 49.18 1.75 26.00 4.33 0.76 64.19 6.48 12.67 0.00 30.19 
12 0.70 45.82 4.79 23.33 7.67 0.80 49.18 1.77 27.67 5.33 0.75 66.32 4.89 14.33 0.00 35.02 
13 0.70 46.69 4,75 25.00 8.33 0.80 48.96 1.54 29.33 5.33 0.75 68.31 4.29 16.33 0.00 39,26 
14 0.70 46.90 3.12 25.33 9.00 0.79 48.32 1.37 29.67 6.00 0,75 70.15 3.16 16,67 0.00 43.32 
15 0.70 47.72 2,78 25.33 9.67 0.80 48,78 0.68 30.67 6.33 0.75 71.77 2,15 17.00 0.00 44.46 
16 0.71 48.07 1.39 26.67 10.33 0.80 48,54 0.91 31.00 6.67 0.75 72.39 1,64 18.67 0.00 45.76 
17 0.70 47.58 1.13 27.00 11.33 0.79 48.55 0.33 31.00 7.67 0.75 72.91 0.95 18,67 0.00 47.32 
18 0.70 48.00 0.53 27.00 11.67 0.80 48.76 0.15 31.33 8.00 0.75 73.52 0.72 19.00 0.00 46.87 
19 0.70 48.09 0.33 27.67 11.67 0.80 48.79 0.13 31,33 8.00 0.75 73.70 0,44 19.33 0.00 46.98 
20 0.70 48.26 0.05 28.00 11.67 0.80 48,75 0.16 31,33 8.00 0.75 73,75 0.43 19,67 0.00 46.75 
Full-Sib 0 0.50 35.31 19.00 0.00 0.00 0.50 35.26 18.23 0.00 0.00 0.50 35.11 14.41 0.00 0.00 -0.70 
1 0.56 38.51 17.68 0.00 0.00 0.54 37.61 14,87 0.00 0.00 0.55 37.95 11.76 0.00 0.00 -1.45 
2 0.61 38.93 16.12 1.00 0.00 0.56 36.35 13.33 0.33 0.33 0.59 39,56 11.08 0.00 0.00 1,61 
3 0.63 38.84 15.28 3.67 0.00 0.58 35.67 15,00 1.33 1.00 0.61 41.93 10,73 0.00 0.00 7.95 
4 0.66 39.74 13.70 6.33 1.00 0.59 35.94 10.95 4.33 1.33 0.63 44.22 12.70 0.67 0.00 11.30 
5 0.68 40.50 9.46 11.33 1.00 0.61 36.14 12.08 7.00 2.67 0.65 46,24 9.44 2.00 0.00 14.22 
6 0.69 40.11 8.90 13.67 2.33 0.63 36,71 9.39 8.67 3.67 0.66 48.78 8,48 2.33 0.00 20.19 
7 0.69 40.33 9.11 15.67 3.33 0.64 36.19 6.46 11.33 4.00 0.66 51.26 9.24 2.67 0.33 25.97 
8 0.69 40.36 6.28 18.00 4.33 0.64 36.56 7.27 14.00 5.33 0.66 53,61 7,44 4,33 0.33 32.31 
9 0.69 40.31 6.01 18.67 5.67 0.65 37.12 7.05 16.33 6.67 0.67 57.43 8.03 5.67 0.33 42.89 
10 0.68 39.70 4.20 22.00 7.33 0.65 36.71 4.39 17.67 9.00 0.67 60.46 5.29 7.33 0.33 50.84 
11 0.69 40.41 2.94 24.00 9.00 0.65 37.18 3.49 20.00 9.33 0.67 62.73 3.90 8.67 0.33 54.47 
12 0.70 41.14 3.06 24.67 10.00 0.66 37.92 2.83 20.67 10.00 0.68 64.19 3.34 9.00 0,33 53.97 
13 0.70 41.57 2.61 25.33 10.33 0.67 39.04 2X6 22.67 10.67 0.69 65.32 2.88 11.33 0,33 54,15 
14 0.71 42.61 2.83 25,33 10,33 0.68 39.39 2.91 23.33 11.33 0.69 66,15 2.97 11.33 0,33 52,19 
15 0.71 43.33 2.57 26,00 10,33 0.68 40.52 2.51 24.67 11.67 0.70 67.04 2.28 12.00 0.33 51.47 
16 0.71 43.70 2.54 26.67 10.33 0.69 41.16 1.25 25.67 11.67 0.70 68.14 1.65 13.00 0.33 52.88 
17 0.72 44.30 0.80 27.67 11.00 0.70 42.23 0.67 26.00 11.67 0.71 69.25 0.62 14.33 0.33 52.16 
18 0.71 43.81 0.42 28.00 11.00 0.70 42.13 0.64 26.33 11.67 0.70 69.52 0.37 15.00 0.33 52.40 
19 0.71 44.02 0.37 28.33 11.33 0,70 42.32 0.41 26.67 11.67 0.70 69.76 0.18 15,33 0.33 52,61 
20 0.71 44.39 0.50 28.33 11.33 0.70 42.38 0.33 27.00 11.67 0.71 69.95 0.16 15.67 0.33 53,05 
Table B,35 Progress from reciprocal recurrent selection for complete dominance, additive x additive and domi­
nance x dominance interactions genetic model; starting gene frequencies = 0.75, Pg = 0.25. 
RR.S Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean AA aa Freq. Mean AA aa Heterosis% 
Half-Sib 0 0.76 45.78 14.27 0.00 0.00 0,25 19.69 16.38 0.00 0.00 0,50 39.80 12.38 0.00 0.00 -13.07 
1 0.79 46.21 10.05 0.67 0.00 0,25 19.39 13.88 0,00 0.00 0.52 42,06 12.73 0,00 0.00 -8.95 
2 0.82 46.90 10.83 6,00 0.00 0.25 18.47 13.76 0.00 3.00 0,53 44.48 12.35 0.00 0,00 -5.12 
3 0.85 47.92 7.44 11,67 0.00 0.24 16.95 14.79 0.00 6.00 0.54 46.71 11.12 0.00 0.00 -2.43 
4 0,88 49.34 7.88 16.00 0.00 0.24 16.01 7.69 0.33 11.33 0.56 49.23 11.94 0.00 0.00 0.13 
5 0.90 49.80 9.25 20.33 0.00 0.22 14.26 5.97 0.33 14.00 0.56 51.14 8.34 0.00 0,00 2.83 
6 0.91 50.29 8.34 24.67 0,00 0,22 13.39 4,86 0.67 17.33 0,57 53.39 8.18 0.33 0,00 6,42 
7 0.92 49.49 7.99 27.33 0.00 0,21 12.74 4.72 0.67 20.00 0.56 55.34 6.21 0.33 0,00 12.26 
8 0.93 51.26 6.05 30.00 0.33 0.20 12.09 3,94 1,00 21.33 0.57 56.78 4.50 0.67 0.33 11,14 
9 0,94 52,19 5.89 31.67 0.33 0.20 11.56 3.15 1.33 23.33 0,57 57.85 4.48 0.67 0.33 11.39 
10 0.95 53.53 5.58 34,33 0.33 0,20 11.49 3,41 1.67 24.67 0.57 59.38 3.28 1.00 0.33 11.46 
11 0.96 54.41 3.65 35.00 0.33 0.20 11.55 1.86 2.33 26.33 0,58 60.70 2.21 1.67 0.33 12,17 
12 0.96 54.84 3.39 35.67 0.33 0.21 11.96 2.36 3.33 26.67 0,58 61.48 2.01 2.00 0,33 12.59 
13 0.97 55.66 3.24 36.67 0.33 0.22 12.59 2.15 4.00 27.67 0.59 62.49 1.38 2.33 0,33 12.61 
14 0.97 56.32 2.92 36.67 0.67 0.22 12.79 1.50 4.67 28,33 0.59 62.63 0.83 2.67 0.33 11.94 
15 0.97 56.20 2.29 37.00 0.67 0.23 13,46 2.09 5.33 28.67 0.60 63,31 1.02 3,67 0,33 12.86 
16 0.97 56.45 1.54 38.00 0,67 0.23 13.70 2.51 5.67 28.67 0.60 63.68 0,96 4,67 0.33 13.13 
17 0.97 56.34 1.87 38.00 0.67 0.24 14.54 1.19 7.00 29.00 0,60 64.20 0.38 6,00 0,33 14.18 
18 0.97 56.43 1.40 38.00 0.67 0.24 14.73 0.90 7.33 29.00 0.60 64.25 0.31 6.33 0.33 14.01 
19 0.97 56.41 1.68 38.00 0.67 0.25 15.10 0,55 7.67 29.00 0,61 64.39 0.32 6.33 0.33 14.39 
20 0.97 56.31 2.16 38.00 0.67 0.25 15.08 0.83 8.00 29.00 0.61 64.42 0.33 6.67 0.33 14.68 
Full-Sib 0 0.75 45.78 14,27 0.00 0.00 0.25 10.69 16.38 0.00 0.00 0.50 39.80 12,38 0,00 0.00 -13.07 
1 0.79 45.88 11.74 1.33 0.00 0.25 19.60 13.94 0.00 1,33 0.52 41.93 12.00 0.00 0.00 -8.61 
2 0.80 45.71 10.87 4.67 0.00 0.25 18.82 13.65 0.00 3.00 0.53 43,46 12.05 0.00 0.00 -4.85 
3 0.82 46.08 9.63 9.33 0.00 0.24 17.38 9.13 0.00 6,67 0.54 45.63 12.67 0.00 0,00 -0.94 
4 0.85 47.17 7,46 17.33 0.00 0.24 16.01 7.68 0.00 9.33 0.54 48.07 10.21 0,00 0.00 1.94 
5 0.84 46.40 5.79 20.00 0.00 0.24 15.75 5.76 0.00 12.00 0.54 48.43 9.37 0,00 0,00 4.39 
6 0.86 47.44 5.82 20.67 0.00 0.24 15.00 6.34 0.00 15.67 0.55 50,34 8,49 0.00 0.00 6.22 
7 0.87 47.73 5.27 23.33 0.33 0.24 15.20 6.42 0.33 16.67 0.56 51.72 9.40 0.33 0.00 8.42 
8 0.88 48.70 5.59 25.33 0.67 0.23 14.27 4.61 0.67 19.67 0,56 53.74 7,05 0.33 0.00 10.44 
9 0.89 48.07 4.35 27.33 1.00 0.24 14.52 4.27 1.67 20,33 0.56 54.42 7.87 0,67 0.00 13,29 
10 0.89 48.13 6.03 30,00 1.33 0.23 13.94 2.96 2.33 22.00 0,56 55,48 6.77 1.33 0.00 15.39 
11 0.90 48.87 4,86 30.67 1,33 0.24 14.18 2.15 2.67 22.67 0.56 56.52 5.34 1.67 0.00 15.65 
12 0.90 48.86 3.70 31,67 1.33 0.23 14.00 3.03 3.33 23.67 0.57 57.72 3.91 1.67 0.00 18.12 
13 0.90 49.30 3.10 32,67 1.67 0,23 13.94 2,92 5.00 24.67 0.57 58.48 3.21 3.00 0,00 18.63 
14 0.91 49.73 2.79 33,00 2,33 0.23 13.29 2.04 5.33 25,67 0.57 59.05 3.29 3.33 0.33 18.78 
15 0,91 49.74 1.99 33,00 2.33 0,22 12.95 1.95 5.67 26.33 0.56 59.75 2.61 3.67 0.33 20.15 
16 0.92 50.58 2.50 33.67 2.33 0.22 13.15 1.47 6.00 27.67 0.57 60.41 2.08 4.00 0.33 19.50 
17 0.92 50.79 2.42 34.00 2.33 0.23 13.22 1.73 6.00 28.00 0.57 60.84 1.75 4.00 0.33 19.88 
18 0.92 51.43 1.47 34.67 2.33 0.23 13.42 1.77 6.00 28.67 0.57 61.42 1.28 4.67 0.33 19.59 
19 0.92 51,60 0.88 36.00 2.33 0.23 13.87 2.03 7,00 28,67 0.58 61.60 1.09 5,33 0.33 19.64 
20 0.92 51.52 0.65 36.67 2.33 0.24 14.22 1.37 7,33 29,00 0.58 62,04 0,65 5,67 0.33 20,68 
Table B.36 Progress from reciprocal recurrent selection for complete dominance, additive x additive and domi­
nance x dominance interactions genetic model; additional generation of selling; starting gene frequen­
cies PA = 0.75, PB — 0.25. 
R.RS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °A AA aa Freq. Mean «G AA aa Freq. Mean «G AA aa Heterosis% 
Half-Sib 0 0.76 45,23 12.84 0.00 o.oo 0.25 19.81 16.91 0.00 0.00 0.51 ^40.6o 13.00 0.00 0.00 -10.12 
1 0.81 45.62 10.23 2.67 0,00 0.25 19.52 14.09 0.00 0.00 0.53 44.10 13.21 0.00 0.00 -3.31 
2 0.84 47.21 10.77 8.00 0.00 0,24 17.65 10.88 0.00 4.67 0.54 46.93 13,20 0,00 0.00 -0.36 
3 0.87 48.46 9.62 14.33 0.00 0.25 17.17 7.05 0.00 6.67 0.56 50.30 13,06 0,00 0.00 3.90 
4 0.90 49.96 8.89 20.33 0.00 0.25 16.50 6.38 0.33 13.33 0.58 54,06 9.93 0.33 0.00 8.37 
5 0.92 51,18 7.71 26.00 0,00 0.26 16.36 7.12 1.00 17.00 0,59 57,79 6.38 0.33 0.00 13.18 
8 0.95 53.70 5.78 30.33 0.00 0.27 16.69 6.21 2.00 19.67 0.61 60.35 5.70 0,67 0.00 12,74 
7 0.96 55.12 4.64 33.33 0.00 0.28 17.26 4.59 3.00 21.00 0.62 61.69 5.02 2,00 0.00 12.29 
8 0.97 56.65 2,92 35.67 0.00 0.29 18.41 4.20 3.33 21.67 0.63 64.10 4.13 2,67 0.00 13.31 
9 0.97 56.70 1,58 36.33 0.00 0.30 19.82 4.83 5.67 22.33 0.64 65,46 3.00 4,67 0.00 15.61 
10 0.98 57.70 1.36 37.00 0.00 0,32 21.13 2.78 8.00 22.67 0.65 67,04 2.43 7.00 0.00 16.22 
11 0.99 58.57 1.46 38.33 0.00 0.32 21.68 2,04 8.00 24.33 0.65 68,14 1.38 7.67 0.00 16.31 
12 0.99 58.61 1.09 38.67 0.33 0.33 22.33 2,83 10.00 24.67 0.66 69,04 1.51 9.67 0.00 17.74 
13 0.99 58.67 1.08 38.67 0.33 0.33 23.43 1.28 11.00 24.67 0,66 69,73 0.85 10.67 0.00 18,78 
14 0.99 59.09 0.97 39.00 0.33 0.34 23.86 1.46 11.33 24.67 0.66 70,06 0.94 10.67 0.00 18.53 
15 0.99 59.23 0.88 39.00 0.33 0.34 24.24 1.17 11.67 24.67 0.67 70,12 0.63 11.00 0.00 18,37 
16 0.99 59.12 0.88 39.00 0.33 0,35 24.85 0.97 12.33 24.67 0.67 70,42 0.58 11.67 0.00 19,06 
17 0.99 59.37 0.47 39.00 0,33 0.35 25,18 0.49 13.00 25.00 0,67 70,76 0.33 12.33 0.00 19.17 
18 0.99 59.51 0.26 39.33 0,33 0.35 25.12 0.34 13.00 25.00 0.67 70,92 0.12 12.33 0.00 19.19 
19 0.99 59.65 0.00 39.67 0.33 0.35 24.99 0.26 13.33 25.67 0.67 71.00 0,04 13.00 0.00 19,05 
20 0.99 59,65 0,00 39.67 0.33 0.35 25.13 0.29 13.33 25.67 0,67 71.01 0,05 13.00 0,00 19.08 
Full-Sib 0 0.76 45.23 12.84 0.00 0.00 0.25 19.81 16,01 0,00 0.00 O.bl 40,65 13.00 0,00 0.00 -10.12 
1 0.79 45.95 9.85 0.67 0.00 0.25 19.47 14.77 0.00 1.00 0.52 43.48 13.30 0.00 0.00 -5.35 
2 0.83 46.55 8.42 7.33 0.00 0.24 17.10 10.35 0.00 4,33 0.54 47.04 11.59 0.00 0.00 1.19 
3 0.85 46.49 6.36 13.67 0.00 0.24 16.80 9.27 0.00 7.33 0.54 48.86 11.63 0.00 0.00 5.28 
4 0.87 47.90 5.97 21.33 0.00 0.24 15.88 6.83 0.67 14.00 0.56 52.38 7.98 0.33 0.00 9.43 
5 0.89 49.57 5.85 25.00 0.00 0.26 16.20 6.59 0.67 14.67 0.57 55.06 7.18 0.33 0.00 11.09 
6 0.90 49.93 5.99 27.33 0.00 0.27 17.17 5.06 1.33 17.33 0.59 56.86 6.24 0,33 0.00 13.88 
7 0.91 50.73 4.54 30.00 0.33 0.28 17.37 4.64 2.33 19.67 0.60 59.25 4.31 1.33 0,00 16.84 
8 0.92 51.82 7.30 31.00 0.33 0.30 18.41 3.42 3.67 21.33 0.61 61.05 4.27 2.33 0.00 17.96 
9 0.93 53.21 5.11 32.33 0.33 0.31 19.13 3.20 4.67 21.67 0.62 62.40 3.68 3.00 0.00 17.45 
10 0.95 54.82 4.53 33.67 0.33 0.32 20.21 2.77 6.00 22.67 0.63 64.20 3.14 4.00 0.00 17.26 
11 0.95 55.63 3.23 35.00 0,33 0.33 21.17 2.99 7.67 23,00 0.64 65.66 2.68 5.33 0.00 18.19 
12 0.96 55.87 2.63 36.00 0.67 0.35 22.74 2.96 8.33 23.00 0.65 66.81 2.16 6.33 0,00 19.75 
13 0.96 56,86 1.27 37.33 0.67 0.36 23.88 3.89 9.33 23.00 0.66 67.76 2.47 8.00 0.00 19.24 
14 0.97 57.44 1.33 37.67 0.67 0.36 24.47 3.22 10.00 23.33 0.66 68.77 2.38 8,33 0.00 19.81 
15 0.97 58.17 1.06 38.00 0.67 0.36 25.10 1.11 11.33 23.67 0.67 69.65 1.54 10.00 0.00 19.77 
16 0.97 58.56 0.67 38.33 1.00 0.37 25.54 1.02 12,33 24.00 0.67 70.35 0.74 11.00 0.00 20,18 
17 0.97 58.98 0.00 39.00 1.00 0.38 26.20 0.58 13.33 24.00 0.68 70.91 0.18 12.33 0.00 20,22 
18 0.97 58.98 0.00 39.00 1.00 0.38 26,34 0.25 14.00 24,00 0.68 70.91 0.15 13.00 0.00 20,22 
19 0.97 58.98 0.00 39.00 1.00 0.38 26,33 0.20 14.00 24.33 0.68 71.03 0.03 13.00 0.00 20.42 
20 0.97 58.98 0.00 39.00 1.00 0.38 26.23 0.13 14.00 24.33 0.68 70,99 0.03 13.00 0.00 20.36 
Table B.37 Progress from reciprocal recurrent selection for complete dominance, additive x dominance and dom­
inance x dominance interactions genetic model; starting gene frequencies P/\ = 0,5, PB = 0.5. 
RR.S Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean ffG AA aa Freq. Mean <*G AA aa Freq. Mean AA aa Heterosis% 
Half-Sib 0 0.50 39.90 37.79 0.00 0,00 0.50 39.59 32.46 0.00 0.00 0.50 39.74 20.23 0.00 0.00 -0.67 
1 0.54 42.74 27.07 0.00 0.00 0.53 42.57 31.50 0.00 0.00 0.53 42.73 20.02 0.00 0,00 -0.98 
2 0.56 42.12 29.15 0.00 0.00 0,56 43.24 29.96 0.00 0.00 0.56 45.01 19.07 0.00 0,00 2.80 
3 0.58 41.79 25.70 1.00 0.33 0.59 43.08 24,13 0.33 0.33 0.59 46.66 17.46 0.00 0.00 6.45 
4 0.59 41.19 27.60 1.67 0.67 0,62 42.08 25.34 1.33 0.67 0.60 49.29 17.02 0.00 0.00 15.33 
5 0.61 40,05 25.00 4,33 1.33 0.63 39.86 20.90 5.33 1.67 0.62 52.86 17.87 0.00 0.00 29.95 
6 0.61 39.30 26.48 6.67 2.00 0.66 38.91 17.24 9.33 2.00 0.64 55.76 14.67 0.33 0.00 38.95 
7 0.62 37.18 18.93 11.00 2.67 0,66 37.53 17.20 12.67 2.67 0.64 58.33 13.95 2.00 0,00 51.05 
8 0.62 36.90 18.93 12.33 3,67 0.66 36.54 11.67 14.67 4.33 0.64 60,14 13.31 2.33 0.00 59.43 
9 0.63 34.43 15.65 15.00 4.67 0.65 35,58 13,89 16.00 5.33 0.64 61,34 10.40 3.67 0.00 70.67 
10 0.62 32.93 11,71 16.33 6.00 0.66 34.61 13.27 16.00 6.00 0.64 62.73 10.95 3.67 0.00 81.67 
11 0.62 30.40 6.73 17.67 8.00 0,66 34.26 13.11 18.00 7.00 0.64 65,80 10.64 4.67 0.00 92.55 
12 0.63 29.69 6.15 19.00 9.67 0,68 34.34 10.55 19.67 7.00 0.65 67.33 7.14 5.00 0.00 97.04 
13 0.62 29.03 5.58 20.00 11.00 0,68 33.88 8,11 20.67 7.67 0.65 68.60 6.27 6.33 0.00 103.05 
14 0.61 28.53 5.65 20.33 11.33 0.68 32,87 8,01 21.67 8.33 0.65 70.04 6.38 6.67 0.00 113,47 
15 0.62 28.38 5.07 21.00 11,67 0.68 32.65 8.30 22.33 8.33 0.65 70.57 5.50 6.67 0.00 116.25 
16 0.62 28.38 6.30 21.33 11.67 0.68 31,53 7.82 23.00 8.67 0.65 71.21 5.72 7.00 0,00 125,89 
17 0.62 28.75 5.45 21.33 11.67 0,68 31.64 8.07 23.67 8.67 0.65 72.22 4.48 7.33 0,00 128.46 
18 0.61 28.08 5.23 21.33 11.67 0.68 30,91 8.37 23.67 9.67 0.64 73,09 4.85 7.33 0,00 136.77 
19 0.60 26.84 4.35 21.67 12.00 0.68 30.47 5.33 24.33 10.00 0.64 74.45 3.93 7.67 0.00 144.77 
20 0.59 26.06 3.03 22.00 13.33 0,69 30,72 4.25 24.67 10.00 0,64 75.25 3.05 7.67 0.00 145.48 
Full-Sib 0 0.50 39.90 37.79 0.00 0.00 0.50 39,59 32.46 0.00 0.00 0.50 39.74 20.23 0.00 0.00 -0.67 
1 0.54 42.65 30.96 0.00 0.00 0.54 43,11 31.96 0.00 0.00 0,54 42.86 20.23 0.00 0.00 -1.24 
2 0.54 42.05 29.72 0,00 0.00 0.57 43.44 28.46 0.00 0.00 0.56 44.86 18.69 0.00 0.00 2,81 
3 0.55 40.89 23.41 0.00 0.00 0.60 42.60 24.92 1.00 0.00 0.57 46.43 19,81 0.00 0.00 8,95 
4 0.55 38,38 22.73 2.33 1.00 0.63 42.19 22.41 2.33 0.33 0.59 49.10 21,64 0.00 0.00 16.38 
5 0.55 37.03 21.46 4.00 2.33 0.64 40.13 23.94 7.00 0.33 0.60 51.22 16,50 0.33 0.00 27.58 
6 0.56 36.50 19.23 6.00 3.00 0,66 39.27 16.84 8.67 1.33 0.61 53.66 14.75 0.33 0.00 36,75 
7 0.56 35.29 20.13 7.67 3.67 0.66 37.81 14.69 11.67 2.00 0.61 56.03 15.01 1,00 0.00 48.22 
8 0.56 34.06 14.41 9.00 4.67 0.67 36.88 12.94 15.33 2,67 0.61 58.54 14.16 1.00 0.00 58.09 
9 0.57 33.58 12.40 11.00 5.67 0.67 35.87 13.80 16.33 3.33 0.62 61.52 13.13 1.67 0.00 69.68 
10 0.58 32.45 11.03 12.00 7,33 0.69 34.98 11.93 19.00 4.33 0.63 63,85 11.59 2.33 0.00 81.63 
11 0.57 31.57 11.83 12.33 8.67 0.68 33.03 8,69 21.00 6.33 0.63 66.48 11.64 2.67 0.00 98,94 
12 0.58 30.73 13.15 14.67 9.33 0.68 31,79 5.89 21.67 9.00 0,63 69.12 8.29 3.33 0.00 109.96 
13 0.58 30.33 10.11 17.00 10.00 0,67 31.10 5.25 21.67 9.67 0.63 70.08 6,41 4.67 0.00 113.38 
14 0.59 30.17 11.21 18.67 10.33 0,69 30.53 4.27 23.67 9.67 0.64 71.08 6.74 5,67 0.00 120.73 
15 0.59 29.90 10.28 19.67 10.67 0.68 29.99 3.30 25,33 10.33 0.64 73.17 5.16 6.33 0.00 130.24 
16 0.58 28.51 8.97 19.67 11.67 0,68 29.98 3.88 25.33 10.33 0.63 73.88 4.58 6.33 0.00 140.50 
17 0.58 27.68 8.71 19.67 12.33 0.68 29.74 3.93 25.67 10.33 0.63 74.63 3.26 6.33 0.00 147.51 
18 0.58 27.04 7.63 19.67 14.00 0.69 29.50 3.23 26.00 10.67 0.63 75.45 2.32 6.33 0.00 155.99 
19 0.58 26.26 3.97 20.00 15.00 0.69 29.68 3.12 26.33 10.67 0.63 75.74 2.50 6.67 0.00 155,45 
20 0.58 26.09 3.29 20.33 15.33 0.69 29.61 3.19 26.33 10.67 0.63 75.95 2.25 7.00 0.00 156,85 
Table B.38 Progress from reciprocal recurrent selection for complete dominance, additive x dominance and domi­
nance x dominance interactions genetic model; additional generation of selling; starting gene frequen­
cies P/i = 0.5, PB = 0.5. 
R.RS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci 
°G 
Fixed Loci 
Freq. Mean AA aa Freq. Mean "g AA aa Freq. Mean AA aa Heterosis% 
Half-Sib 0 0.50 40.16 81.79 0.00 0,00 0.49 39.48 28.88 0,00 0.00 0.50 40.17 22.11 0.00 0.00 -0.08 
1 0.57 44.49 28.17 0,00 0.00 0.53 41.71 27.72 0.33 0.00 0.55 43.61 22,91 0.00 0.00 -1.90 
2 0.59 45.25 31.04 0.33 0.00 0.57 41.64 24.99 0.33 0.00 0.58 46.72 17.41 0,00 0.00 3.30 
3 0.61 45.52 30.15 1,67 0.33 0,60 41.70 28.65 2.67 0.33 0,61 49.93 17.21 0.00 0.00 9.89 
4 0.64 44.77 30.89 3,67 0.67 0.61 39.56 21.29 5.33 1.00 0.62 53.26 18,34 0.67 0.00 19.01 
5 0,66 42.71 24.66 8.00 0.67 0.64 38.61 17.96 7.67 3.33 0.65 56,82 14,20 1.00 0.00 33.30 
6 0.67 40.61 28,71 11.67 1.67 0.65 37.92 19.86 11.00 3.67 0.66 58.95 12.25 1.67 0.00 45.90 
7 0,66 37.92 15.63 13.67 3.67 0,65 36.82 18.25 13.67 4.33 0.65 61.42 12,24 2.67 0.00 59.97 
8 0,65 36.12 13.37 15.67 5.33 0,65 34.87 13.37 15.00 5.00 0.65 64.13 8.25 3.33 0.00 76.48 
9 0.66 34.67 11.72 17.33 6.67 0.66 32.85 10.03 17.00 6.33 0.66 66.46 8.49 4.00 0.00 90.58 
10 0.66 33.76 16.10 19.33 7.67 0.67 32.71 8.61 18.33 7.33 0.66 67.95 6.22 5.00 0.00 94.52 
11 0.65 32.50 13.90 20.33 8.00 0,67 32.21 6.77 19.67 7.33 0.66 69.43 7.22 6.00 0.00 105.68 
12 0.66 32.74 11.06 21.67 9.00 0.67 31.42 7.42 20.67 8.67 0.66 71,22 5.33 6.33 0.00 108.97 
13 0.65 31.76 8.07 22.00 9.67 0.66 30.63 4.42 21.67 9.67 0.66 71.86 4.35 7.00 0.00 116.82 
14 0.65 31.39 8.04 22.33 10,00 0.66 30.05 3.68 21.67 10.33 0.65 73.07 4.82 7.00 0.00 122.52 
15 0.64 30.12 6.61 23.00 11.00 0.65 29.47 3,54 22.33 11.00 0.65 74,40 3.19 7.33 0.00 132.60 
16 0.64 29.44 5.00 23.33 11.67 0.65 28.47 2.86 23.33 11.33 0,65 75,45 2.82 8.00 0.00 142,10 
17 0.63 28.41 4.88 24.00 12.33 0.65 28.30 2.85 23.67 11.67 0.64 76,24 1.90 8.00 0.00 147,86 
18 0.63 27.95 4.85 24.00 12.67 0.64 27.75 1.98 24.00 12.33 0.64 76.79 1.55 8.33 0.00 150.44 
19 0.63 27.09 3.72 24.00 13.33 0.65 26.91 1.13 24.67 13.33 0.64 77.57 0.96 8.67 0,00 161,25 
20 0.62 26,27 2.95 24.33 13,67 0.65 26.72 0.97 25.00 13.33 0.63 78.03 0.73 9.33 0.00 168.46 
Full-Sib 0 0.50 40.16 31.79 0,00 0,00 0.49 39,48 28,88 0.00 0.00 0.50 40,17 22.11 0.U0 0.00 -0.08 
1 0.57 45.05 27.55 0,00 0.00 0.53 43.31 31.14 0.00 0.00 0.55 43,68 18,90 0.00 0.00 -3,04 
2 0,62 46.27 29.55 0.00 0.00 0.57 43.43 35.22 0.00 0.00 0.60 47,25 19.75 0.00 0.00 1,70 
3 0,64 45.32 32.10 2.67 0.00 0.59 43.07 29.74 2.67 0.67 0.62 50,72 14.15 0.00 0.00 11.95 
4 0,63 43.74 29.88 5.00 0.33 0.62 41.93 24.89 5.67 1.33 0.63 53,31 15.76 0.00 0.00 21.18 
5 0,64 42.60 28.45 6.33 0.33 0.64 39.69 18.85 8.67 2.00 0.64 56.19 14.32 0.33 0.00 31.05 
6 0.64 40,41 22.69 8.67 1.00 0.65 38.87 21,38 11.67 2.67 0.65 58,18 13.92 0.67 0.00 42.43 
7 0.65 38.57 18.29 10.67 2.67 0.66 37.59 16,32 13.00 4.00 0,65 59,83 12.71 1.00 0.00 51.28 
8 0.66 36.82 14.06 13.00 4.33 0.66 36.21 13.60 16.00 5.00 0.66 62,05 11.28 3.00 0.00 64.75 
9 0.66 35.53 19.07 14.00 5.00 0.66 34.53 10.99 17.33 5.67 0.66 64,57 12.78 3.33 0.00 78.31 
10 0.66 33.37 9.33 17.00 7.00 0.66 32.93 9.90 21.00 7.00 0.66 68.42 9.97 4.67 0.00 102.80 
11 0.65 31.59 6.66 19.33 8.00 0.66 32.06 10.18 22.00 7.67 0.65 71.00 8.05 6.33 0.00 118.55 
12 0,64 29.88 5.53 21.00 10,00 0.66 31.59 8.99 22.33 9.00 0.65 72.52 7.24 6.67 0.00 129.62 
13 0.65 28.99 3.55 22.67 10.67 0.64 29.50 7.26 22.33 9.67 0.64 74.65 4.18 7.67 0.00 153.65 
14 0,65 28.86 3.53 23.33 11.00 0.63 28.03 3.74 23.33 11.67 0.64 75.53 3.23 8.33 0.00 162.62 
15 0.65 28.07 2.46 23.67 12.33 0.63 27.79 4.58 23.67 12.00 0.64 76,19 2.97 8.33 0.00 168.63 
16 0.64 27.44 2.22 23.67 12.67 0.63 27.26 4.78 23.67 12.33 0.63 76,75 2.21 8,33 0.00 172.52 
17 0.64 27.39 1.78 23.67 13.00 0.63 26.83 3.44 23.67 12.67 0.63 77,31 2,62 8.33 0,00 174.17 
18 0.64 27.17 1.78 23.67 13.67 0.62 26.23 2.65 24.00 13.67 0.63 77,96 1,51 8,67 0,00 178,21 
19 0,64 27.11 1,72 24.33 13.67 0.62 25.98 1.94 24.00 13.67 0.63 78.06 1,34 9.00 0.00 178.94 
20 0.64 26.66 1.16 24.67 13.67 0.62 25.75 1.62 24.00 14.00 0.63 78.50 1,42 9.33 0.00 182.44 
Table B.39 Progress from reciprocal recurrent selection for complete dominance, additive x dominance and dom­
inance x dominance interactions genetic model; starting gene frequencies = 0.75, PB = 0.25, 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean a'a AA aa Freq. Mean o'G AA aa Freq. Mean <rl AA aa Het,erosis% 
Half-Sib 0 0.75 50.90 18.60 0.00 0.00 0.26 21.30 19.76 0.00 0.00 0,50 45.07 22,06 0.00 0.00 -11,45 
1 0.79 50.62 19.18 0.33 0.00 0.29 24.77 16.75 0.00 0.00 0.54 48,94 19.62 0.00 0.00 -3,31 
2 0.83 48.12 17.88 6.33 0.00 0.29 23.44 19.48 0.00 0.67 0.56 52.35 20.51 0.00 0.00 8.78 
3 0.86 47.11 15.98 12.67 0.00 0.30 23.35 19.87 0.00 2.00 0.58 54.07 17.23 0.00 0.00 14.93 
4 0.89 45.25 10.68 18.00 0.00 0.31 23,06 16.11 0.00 6.00 0.60 57.35 18.38 0.00 0.00 26.98 
5 0.90 43.12 10.99 22.67 0.00 0.31 23.36 15.50 0.00 8.00 0.61 59,72 16.42 0.00 0.00 38.74 
6 0.90 42.09 7.89 27.00 0.00 0.32 22.64 12.12 0.67 10.33 0.61 62,26 15,90 0.67 0.00 48,79 
7 0.92 42.15 5.89 28.67 0.33 0.31 21.39 9.72 1.33 12.67 0.62 65.67 13.67 1.00 0,00 56.89 
8 0,94 41.42 4.31 31.33 0.33 0.31 20.64 10.06 1.67 13.67 0,63 68.14 9.52 1.00 0.00 64,97 
9 0,94 40,28 3.27 32,67 1.00 0.31 19.93 10,94 2.33 16.00 0.63 69.82 9,66 1.67 0,00 73.68 
10 0.95 39,84 2.29 34.33 1.00 0.31 19.41 10.62 3.33 17.00 0.63 71,25 8,00 2.00 0.00 79.22 
11 0.95 39.09 1.16 35.67 1.00 0.30 18.41 7.99 4.67 18.67 0.63 72.92 6.39 3.00 0.00 86.85 
12 0.95 38.60 0.52 36.67 1.33 0.29 17.23 7.22 4.67 20.67 0.62 74,41 4.22 3.00 0.00 92.92 
13 0.95 38.35 0.08 37.67 1.33 0.29 16.56 5.90 5.00 21.67 0,62 75.39 3.84 3,33 0,00 96,76 
14 0.96 38.40 0.10 37.67 1.33 0.29 16.01 4.81 5.67 22.67 0.62 75.93 3.43 4.00 0.00 97,93 
15 0.95 38.30 0.10 37.67 1.33 0.29 15.02 3.62 7.00 23.67 0.62 76.80 3.11 5.33 0.00 100.69 
16 0.95 38.25 0,07 37.67 1.67 0.29 14.64 3.90 8,33 24.00 0.62 77,32 2.11 6,33 0.00 102.34 
17 0.95 38.21 0.08 37.67 1.67 0.30 14.72 3.32 8.67 24.33 0.63 77,58 2.15 6.67 0.00 103.17 
18 0.95 38.05 0.05 37.67 1,67 0.30 14.16 2.59 9,33 25.67 0.63 78.07 1.83 7.33 0.00 105.29 
19 0.95 38.06 0.05 37.67 1.67 0.30 13,80 1.99 9.67 26.00 0.62 78,48 1.10 7.67 0,00 106,33 
20 0.95 38.06 0.05 37.67 1.67 0.30 13.95 2.07 10,00 26.00 0.63 78,71 1.02 8,00 0.00 106.92 
Full-Sib 0 0.75 50.90 18.60 0.00 0.00 0.26 21.30 19.76 0.00 0.00 0.50 45,07 22.06 0.00 0.00 -11,45 
1 0.81 50.56 15.15 2.00 0.00 0.26 21.21 17.42 0,00 0.67 0.53 49.11 24.33 0.00 0.00 -2.87 
2 0,84 49.40 16.82 8.33 0.00 0.27 21.59 16.17 0.00 2,00 0.55 52.38 17.95 0,00 0.00 6.04 
3 0.86 47.44 16.45 12.33 0.00 0.28 21.60 14.11 0.00 4.33 0.57 55.07 17.99 0.00 0.00 16,13 
4 0.88 46.76 11.66 17.00 0.00 0.27 20.85 15.50 0.00 5.33 0.58 56.99 16.53 0.00 0.00 21.90 
5 0.90 45.47 10.24 22.00 0.00 0.29 21.31 10.66 0.33 8,67 0.60 59.89 17.32 0.33 0.00 31,69 
6 0.92 44.29 8.57 25.33 0.00 0.29 20.03 9.99 1.00 11.00 0.60 63,31 12,17 0.33 0.00 42,95 
7 0.94 43.46 7.36 29.33 0.00 0.29 19.79 11.00 1.67 14.67 0.62 66.74 9.97 0.67 0.00 53.68 
8 0.94 43.07 7.57 31.00 0,00 0.29 18.81 9.70 3.00 17.33 0.62 68,69 9.77 1.33 0.00 59,59 
9 0.96 42.17 5.51 33.33 0.33 0.26 16.65 9.42 3.67 20.33 0.61 71.42 7.20 1.67 0,00 69.51 
10 0.97 41.03 3.30 35.33 0.67 0.26 15.73 5.98 4.00 22.33 0.61 72.84 5.55 1.67 0,00 77.71 
11 0.96 40.79 3.08 36.67 0.67 0.27 15.47 4.83 4.67 23.67 0.62 74.38 3.64 2,33 0,00 82,49 
12 0.97 40.35 2.11 37.00 0.67 0.26 14.79 3.79 6.00 24.33 0.62 75.39 3.54 3.67 0,00 86.91 
13 0.97 40.12 1.89 37.33 0.67 0.27 15.01 3.79 6.33 24,33 0,62 76.55 2.68 4.33 0,00 90.86 
14 0.97 39.92 1.72 37.67 0.67 0.27 14.45 3.07 6.33 25,33 0,62 77.08 2.45 4.67 0,00 93,15 
15 0.97 39.51 0.98 38.00 0.67 0.27 13.89 3.70 6.67 25.67 0.62 77.80 2.21 5.00 0,00 96.91 
16 0.97 39.36 1.16 38.33 1.00 0.27 13.39 3.65 8.00 27.00 0.62 77.99 1.79 6.33 0,00 98,22 
17 0.97 39.28 1.16 38.33 1.00 0.27 12.42 1.82 8.33 27.67 0.62 78.62 1.36 6,67 0.00 100.24 
18 0.97 39.16 0.99 38.33 1.00 0.27 12.44 1.71 9,00 27.67 0.62 78,90 0.87 7.33 0.00 101.53 
19 0.97 39.27 0.85 38.67 1.00 0.27 12.02 1.37 9.00 27.67 0.62 78,96 0.72 7.67 0,00 101.09 
20 0.97 39.38 0.73 38.67 1.00 0.27 12.05 1.75 9.33 28,00 0.62 79.05 0.67 8.00 0.00 100.80 
Table B.40 Progress from reciprocal recurrent, selection for complete dominance, additive x dominance and domi­
nance x dominance interactions genetic model; additional generation of selling; starting gene frequen­
cies PA = 0.75, PB = 0.25. 
RR.S Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
FVeq. Mean °C, AA aa Freq. Mean °G AA aa Freq. Mean «G AA aa Heterosis'#) 
Half-Sib 0 0.74 50.37 19.90 0.00 0.00 0.25 20,69 18,95 0.00 0.00 0.50 44.82 23.72 0.00 0.00 -11.01 
1 0.81 50.98 13.32 2.00 0.00 0.27 21.71 16.79 0.00 2.67 0.54 50.18 20.74 0.00 0.00 -1.52 
2 0.87 48.29 12,64 8.00 0.00 0.28 22.27 17,25 0.00 5,33 0.57 55.89 14.46 0.00 0,00 15.78 
3 0.91 46.54 10.34 16.67 0.00 0.27 20.71 11.40 0.00 10.67 0.59 61.08 15.88 0.00 0.00 31.25 
4 0.93 44.47 7.26 25.00 0,00 0.26 19,18 9.47 0.33 13.67 0.60 65.26 10.97 0.33 0.00 46.75 
5 0.96 43.03 6.00 29,67 0.00 0.26 18.37 9.14 0.67 15.67 0.61 68.40 9.79 0.33 0.00 58.98 
6 0.96 42.02 4.55 32,67 0.00 0.26 16.86 8,44 1.33 19,33 0.61 70.82 6.91 0,67 0.00 68.62 
7 0.97 41.03 2.64 35.33 0.00 0.26 16.13 5.76 3.00 22.00 0.62 73,00 4,67 2,33 0.00 77.96 
8 0.98 40.47 2.09 37,33 0.00 0,27 15.98 5.50 5.00 23.00 0.62 73.99 3.96 3.67 0.00 82.80 
9 0.98 39.92 0.91 38,33 0.33 0.28 16.09 5.01 6.00 24.00 0.63 74,99 2.10 5.33 0.00 87.84 
10 0.98 39.68 0.51 38.67 0,33 0.28 15.47 5.16 6,33 24.00 0.63 75.30 2,16 5,33 0.00 89.76 
11 0.98 39.61 0.56 38.67 0.67 0.28 14,46 4.77 7.33 25,00 0.63 76.08 1.98 6,33 0.00 92.13 
12 0.98 39.52 0.53 38.67 0.67 0.28 13.65 3.45 8.00 25.67 0.63 76.57 1.73 7.00 0.00 93.77 
13 0.98 39.40 0.41 38.67 0.67 0.28 13.07 2.48 8.33 26.33 0.63 77.10 1.15 7.33 0,00 95.71 
14 0.98 39.39 0.34 38.67 0.67 0.28 13.04 2.21 8.67 26.67 0.63 77.12 1.09 7.33 0,00 95.84 
15 0.98 39.28 0.36 38.67 0.67 0.28 12.34 1.69 9.67 27.67 0.63 77.71 0.92 8,33 0,00 97.94 
16 0.97 39.31 0.47 38.67 0.67 0.28 12.01 1.02 9.67 28.00 0.63 77.92 0.61 8,33 0.00 98.35 
17 0.97 39.27 0.42 38.67 0,67 0.28 11.62 0.47 10.33 28.33 0.63 78.00 0.56 9,00 0,00 98,75 
18 0.97 39.00 0.00 39.00 1.00 0.28 11.45 0.34 11.00 28,67 0.63 78,43 0.15 10,00 0.00 101.22 
19 0.97 39.00 0.00 39.00 1.00 0.28 11.34 0.39 11.00 28.67 0.63 78,51 0.12 10,00 0,00 101.40 
20 0.97 39.00 0.00 39,00 1.00 0.28 11.11 0.21 11.00 28.67 0.63 78.60 0,06 10.00 0.00 101.63 
Full-Sib 0 0.74 50.37 19.90 0.00 0.00 0.25 20.69 18.95 0.00 0.00 0.50 44.82 23.72 0.00 0,00 -11.01 
1 0.81 50.49 14,34 2.33 0.00 0.25 20.08 15.64 0.00 1.33 0.53 49.67 25.06 0.00 0,00 -1.63 
2 0.86 46.76 12.95 14.33 0.00 0.28 22.14 17.75 0.00 5.33 0.57 55.26 13.73 0.00 0.00 18,29 
3 0.88 45.32 10.04 19.00 0.00 0.30 22.13 14.35 0.33 7.67 0.59 58.31 16.53 0.00 0.00 28.68 
4 0.91 44.10 8.90 24.33 0.33 0.29 20.54 11.39 1.00 11.00 0,60 63.35 14,40 0.33 0.00 43.86 
5 0.93 43.06 7.63 28.00 0.33 0.29 20.13 9.95 1.67 13.33 0.61 66,15 12.66 0.67 0.00 54,05 
6 0.95 41.70 4.05 32.33 0,33 0.29 19.01 10,67 3.00 16.00 0.62 69.59 8.82 2,00 0,00 67.21 
7 0.95 41.62 4.04 34.00 0.33 0.28 17.53 10,34 5.00 19.00 0.62 71.62 6.70 3.33 0.00 72,27 
8 0.96 41.25 3.23 34.67 0.33 0.28 17.02 7.06 6.00 21.33 0.62 72.91 5.45 4.00 0.00 76.88 
9 0.96 41.49 4.25 35.67 0.67 0.27 16.13 7.41 6.00 22.67 0.62 74.06 5.33 4.00 0.00 78.67 
10 0.97 40.77 2,75 36.33 0.67 0.26 14.93 6.02 6.00 23.33 0.62 75.66 3.29 4.00 0.00 85.75 
11 0.97 40.28 2.03 37,33 0.67 0.27 14.13 4.06 6.67 25.33 0.62 76.98 2.24 4.67 0,00 91.25 
12 0.97 40.13 1.93 37,67 0.67 0.26 13.35 2.97 7.33 25.67 0.62 77.34 2.04 5.33 0,00 92.83 
13 0.98 40.14 1.30 38.00 0.67 0.26 13.09 3.46 7.67 26.33 0.62 77.74 1.43 5,67 0,00 99,9! 
14 0.98 39.69 1.66 38.33 0.67 0.26 12.65 2.81 8.00 27.00 0.62 78.04 1.04 6,33 0,00 96.69 
15 0.98 39,80 1.45 38.33 0.67 0.26 12.48 2,95 8.67 27.33 0.62 78.03 0.96 7.00 0.00 96.10 
16 0.98 39.48 1.06 38.33 0.67 0.27 12.78 3,69 9.00 27.33 0.62 78.34 1.00 7.33 0,00 98.44 
17 0.98 39.42 0.97 38.67 0.67 0.26 12.43 2,99 9.00 28.00 0.62 78.21 1.05 7.67 0,00 98.48 
18 0.98 39.33 0,81 38.67 0.67 0.26 11.89 1.97 9.00 28.33 0.62 78.35 0.82 7.67 0,00 99.27 
19 0.98 39.32 0.76 39,00 0,67 0.26 11.54 1.80 9.00 28.33 0,62 78.56 0.54 8,00 0.00 99.84 
20 0.98 39.60 0.85 39.00 0.67 0.26 11.37 0.83 9.00 28.67 0.62 78,68 0.44 8.00 0.00 98.72 
Table B.41 Progress from reciprocal recurrent selection for complete dominance, additive x additive, additive 
x dominance and dominance x dominance interactions genetic model; starting gene frequencies 
Pa — 0.5, Pa = 0.5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean AA aa Freq. Mean 4 AA aa Freq. Mean °c, AA aa Heterosis% 
Half-Sib Û 0.50 35.77 23.38 0.00 0.00 0.50 36.17 22.97 0.00 0.00 0.50 35.98 16.95 0.00 0.00 -0.77 
1 0.54 39.91 23.08 0,00 0.00 0.54 38.65 19.00 0.00 0.00 0.54 39.15 13.97 0,00 0.00 -1.91 
2 0.58 41.42 25.70 0.00 0.00 0,57 39.92 23.25 0.00 0.33 0.58 41.77 14.12 0,00 0.00 0.03 
3 0.60 41.43 22.34 2,00 0.33 0.59 40.91 26.30 0.67 0.33 0.60 43.22 14.56 0.00 0.00 1.42 
4 0.64 42.92 17.10 3.67 0.67 0,63 41.76 16.77 3.00 0.33 0.64 46.51 13.06 0,33 0.00 4.49 
5 0.66 43.47 20.62 6.67 0.67 0.66 42,60 15.43 5.00 1.00 0.66 48.85 11.12 0.67 0.00 8.17 
6 0.67 43.97 18.82 8.00 1.33 0.69 43.83 14.61 8,00 1.67 0.68 50.78 10.46 1.67 0.00 10.96 
7 0,68 43.40 14.88 9.67 2.33 0.71 45,08 12.50 12.67 1.67 0.70 52.70 9,06 2.33 0,00 15.65 
8 0.69 43.18 13.33 13.67 2.67 0.73 45.14 11,78 16.00 1.67 0.71 54.25 10.07 3.67 0.00 20.15 
9 0.70 42.81 12.43 16.00 2.67 0.73 45.19 12.10 16,33 2.33 0.72 56.23 10,24 4.67 0,00 24.19 
10 0.71 42.95 11.39 17.67 3.33 0.74 45.22 8.71 17.33 3.00 0.73 57.48 9.44 5.33 0.00 25.31 
11 0.73 43.94 10.89 18.67 3.67 0.75 46.39 9.07 20,00 3.00 0.74 59.17 9.80 7.00 0.00 25.42 
12 0.75 44.06 10.90 21.33 4.00 0.76 47.53 6.98 22,00 3.67 0.76 61.66 7.65 9.00 0,00 29.30 
13 0.75 43.65 8.67 22.67 4.00 0.76 47.32 7.95 24.00 4.67 0.75 62.78 6.38 11.00 0.00 32,90 
14 0.76 44.06 7.62 23.67 6.33 0.76 47.13 6.87 24.33 5.33 0.76 63.80 6.29 12,00 0.33 35.70 
15 0.76 44.88 4.92 25.33 6.67 0.76 47.20 5.65 25.33 5.33 0.76 65.53 5,51 13.33 0.33 36.15 
16 0.77 45.05 5.08 25.33 7.00 0.77 47.63 4.82 26.33 5.33 0.77 66.46 4,36 14.00 0.33 38.20 
17 0.77 45.58 4.26 27.00 7.00 0.77 47.53 3.01 26.67 5.67 0.77 67.97 3.41 15.00 0.33 39.15 
18 0.77 45.62 3.47 27.67 7.33 0.77 48.17 3.39 27.33 5.67 0.77 68.59 2.80 16.33 0.33 37.50 
19 0.78 46.62 2.40 28.33 8.00 0.77 48.06 3.21 27.67 6.00 0.77 69.74 2.44 17.33 0.33 37.14 
20 0.78 46.83 1.74 29.67 8.00 0.77 48.38 3.19 28.00 6.67 0.78 70.54 1.58 18.67 0.33 38.33 
Full-Sib 0 0.50 35.77 23.38 0.00 0.00 0.50 36.17 22.97 0.00 0.00 0.50 35.98 16.95 0.00 0,00 -0.77 
1 0.53 37.70 18.40 0.00 0.00 0.53 38.59 22.54 0.00 0.00 0.53 38.03 14,65 0.00 0,00 -1,46 
2 0.58 40.08 19.75 0.33 0.00 0,58 40.82 25.24 0.33 0.00 0.57 41.40 16,17 0.00 0.00 0.76 
3 0.60 40.78 16.99 2.00 0.00 0.61 41.25 22.09 0.67 0.33 0.60 43.15 12,14 0.00 0.00 4.60 
4 0.61 40.19 13.87 3.33 0.00 0.62 41.63 16.70 1.67 0.33 0.62 44.77 13.99 0.00 0.00 7.78 
5 0.63 41.29 17.93 5.67 0.00 0.65 42.38 14.42 5.33 1.33 0.64 47.13 13.49 0.67 0.00 11.59 
6 0,65 41.41 12.43 9.67 1.00 0.67 41.96 11.54 8.00 2.00 0.66 49.40 9.61 1.33 0.00 15.48 
7 0.64 39.77 10.92 10.67 2.00 0.68 41.48 11,87 12.00 2.00 0.66 50.72 9.86 2.33 0.00 22,48 
8 0.65 40.17 8.81 11.67 3.00 0.69 41.71 13.38 14,67 3.00 0,67 51.56 9.64 3.67 0.00 23.66 
9 0.64 39.29 9.36 13.67 4.33 0.70 41.71 13.72 15.67 3.33 0.67 52.63 8.77 5.33 0.00 26.46 
10 0.64 38.96 11.21 14.67 5.33 0.71 41.77 9.90 18.00 4.00 0.67 54.04 7.82 6.67 0.00 29.16 
11 0.66 40.18 9.43 16.00 5.67 0.73 41.91 8.04 19,33 4.33 0.70 56.41 8.97 8.00 0.00 31,99 
12 0.67 40.75 6.44 17.00 6.33 0.75 43.34 7.67 21.67 4.67 0.71 58.67 6.66 10,00 0.00 32.05 
13 0.69 41.29 5.81 18.67 6.33 0.76 43.32 4.77 23.67 5.00 0.72 60.59 6.87 11.67 0.00 36.52 
14 0.69 41,42 5.32 20.00 6.33 0.76 43.64 3.30 24,33 5.33 0.73 61.75 6.66 11.67 0.00 37.85 
15 0.69 41.48 4.53 21.33 7.00 0.76 43.62 4.79 25.00 5.33 0.73 62.74 5.07 12,33 0.00 39.68 
16 0.69 41.12 3.68 22.00 8.33 0.77 43,47 3.62 25,33 6.00 0.73 64.11 4.91 13,00 0,00 43.92 
17 0,70 41.92 2.82 23.00 8.67 0.77 43.67 3.19 26.00 6.33 0.73 65.55 3,47 13,00 0,00 44.55 
18 0.70 41.97 2.86 23.67 8.67 0.78 43.74 3.27 27,00 6.67 0.74 66.12 2,81 14.33 0.00 45.71 
19 0.70 42.26 2.14 25.00 9.67 0.78 44.15 2.07 27,33 7.00 0,74 66.63 2,35 15.00 0.33 46.01 
20 0.70 42.55 2.05 26.00 10.00 0.78 44.40 1.54 27,67 7.00 0.74 67.43 1,94 16.00 0.33 46.77 
Table B.42 Progress from reciprocal recurrent selection for complete dominance, additive x additive, additive x 
dominance and dominance x dominance interactions genetic model; additional generation of selling; 
starting gene frequencies PA = 0.5, PB = 0.5. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean ffG AA aa Freq. Mean aG AA aa Freq. Mean AA aa Heterosis% 
Half-Sib 0 0.50 35.63 23.12 0.00 0.00 0.50 35.83 24,69 0.00 Ô.Û0 0.50 35.78 16.07 0.00 0.00 -0,34 
1 0.55 39.36 14.80 0.00 0.00 0.55 39.79 17.ll 0.00 0.00 0,55 39.56 11.92 0.00 0,00 -1.57 
2 0.59 41.26 15.57 0.00 0.00 0.59 41.74 16.11 0.67 0.00 0,59 42.72 13.06 0.00 0.00 0.68 
3 0.62 42.00 17.60 1.67 0.00 0.63 43.33 15.88 2.67 0.33 0.62 45.14 11.43 0.00 0.00 1.58 
4 0,64 42.34 19.61 4.67 0.00 0.66 43.97 16.04 5.67 0.67 0.65 47.84 10.81 0.67 0.00 5.45 
5 0.66 43.24 17.44 7.33 0.33 0.67 44.91 19.84 8.33 0.67 0.67 50.22 11.63 1.33 0.00 6.84 
6 0.69 42.96 16.56 10.00 1.33 0.69 45.93 21.00 12.00 2.00 0.69 53.03 11.63 2.67 0.00 11.36 
7 0.71 43.87 13.10 13.33 1.67 0.72 47.53 20.45 13.67 2.00 0.72 55.79 9.80 4.33 0.00 12.34 
8 0.74 45.45 11.52 15.00 2,33 0.75 49.63 14.97 16.00 2.33 0.74 58.40 10.09 4.67 0.00 12,55 
9 0.75 45.73 12.78 17.33 3.00 0.76 50.69 12,68 18.33 2.67 0.76 60.64 8.60 6.33 0.00 15.05 
10 0.77 47.83 9.38 20.33 4.00 0.76 49.07 10.54 20.00 3.67 0.76 62.43 7.89 9.33 0.00 17.37 
11 0.79 48.97 10.06 22.67 4.33 0.76 48.15 8,49 22.00 4.33 0.77 65.29 6.15 11.67 0.00 24.29 
12 0.80 49.33 7.59 26.33 4,33 0.76 48.19 7.94 24,67 5.00 0.78 67.00 4.68 15.00 0.00 27.57 
13 0.81 50.12 4.97 27.67 4,67 0.76 48.57 7.19 27.00 6.00 0.79 68.12 3.80 16.67 0.00 28.03 
14 0.81 50.58 5.91 28.33 5.67 0,77 49.28 7.39 27.67 6,67 0.79 69.28 3.18 18.00 0.00 28.62 
15 0.82 51.31 7.38 30.00 5.67 0.77 49.82 7.99 28.33 6.67 0.80 69.87 2.88 19.67 0.00 27.51 
16 0.83 51.79 4.81 31.33 5.67 0.78 49.97 8.34 28.67 6.67 0.80 70.95 2.10 21.00 0.00 28.26 
17 0.83 52.25 3.70 31.33 5.67 0.78 50.20 5,33 28.67 7.00 0.80 71,77 1.66 21.00 0.00 30.02 
18 0.83 51.41 2.41 32.00 6.00 0.78 50.15 3,71 30.00 7.33 0,81 72.37 1.26 22.33 0.00 32.69 
19 0.83 51.34 2.55 32.00 6.00 0.79 50.40 2,02 30.67 7.67 0.81 72.75 0.82 22.67 0.00 32,84 
20 0.83 50.67 0.97 32.67 6.33 0.79 50.54 1.58 30.67 7,67 0.81 73.11 0.42 23.33 0.00 33.46 
Full-Sib 0 0.50 35.63 23.12 0.00 0.00 0.50 35.83 24.69 0.00 0.00 0.50 35.78 16.07 0.00 0.00 -0.34 
1 0.54 39.53 21.62 0.00 0,00 0,55 39.60 18.03 0.33 0.00 0,55 39.85 13.59 0.00 0.00 -0.21 
2 0.59 41.57 20.61 0.33 0,00 0,61 41.49 16.98 1.00 0.00 0,60 43.54 12.84 0.00 0.00 3.31 
3 0.62 42.72 18.69 1.67 0.00 0.65 42.39 17.87 3.67 0.00 0.63 45.89 13.01 0.00 0.00 6.71 
4 0.64 43.13 18.20 3.67 0.33 0.69 44.68 16.55 6.67 0.00 0.66 48.97 11,65 0.00 0.00 9.54 
5 0.65 42.69 20.51 6.00 0.67 0.71 44.72 16.74 10.00 0.00 0.68 51.11 10.67 0.33 0.00 14.26 
6 0.68 43.41 13.94 9.67 0.67 0.72 44,63 16.59 12.33 0.33 0.70 53.50 10.32 1.33 0.00 19.19 
7 0.68 43.72 13.95 12.00 1.00 0.74 46.22 15,10 14.00 1.00 0.71 55.61 11.79 2.00 0.00 19.82 
8 0.69 43.72 18.04 15.33 1.00 0.77 47.14 14.24 18.00 2.00 0.73 58.94 11.63 4.67 0.00 23.75 
9 0.70 43.53 14.02 16.00 2.67 0.79 48.88 13.41 22.00 2.67 0.74 62.09 9.82 7.00 0,00 27.85 
10 0.70 44.01 9.82 19.00 4.00 0.82 50.81 8.19 27.00 3.33 0.76 65.30 7.91 10.67 0.00 29.99 
11 0.69 43.33 9.93 20.00 6.00 0.84 52.85 9.10 27.67 3.33 0.76 67.71 6.20 11.67 0.00 29.30 
12 0.69 43.02 8.52 21.00 7.00 0.84 53.64 6,88 30.00 4.67 0.76 69.11 4.71 13.00 0.00 29.72 
13 0.70 43.55 6.03 22.67 7.00 0.85 53.43 4,50 31.67 4.67 0.77 70.74 3.32 15.33 0.00 32.77 
14 0.70 44.09 5.38 24.33 8.00 0.85 53.36 3.55 32.67 4.67 0.78 72.07 2.38 17.67 0.00 35.43 
15 0.71 44.31 3.58 25.67 8.00 0.85 53.02 2,84 33.00 5.00 0.78 72.63 1.87 19,00 0.00 37.24 
16 0.71 44.41 2.96 26.00 8.67 0.85 53.21 1,84 33.00 5.33 0.78 73.29 1.66 19.33 0.00 37.89 
17 0,72 45.04 2.41 26.00 9.33 0.85 53.43 2.05 33.33 5.33 0.79 73.91 1.55 19.67 0.00 38.45 
18 0.73 45.52 2.41 26.33 9.67 0.85 53.70 1,52 33.33 5.33 0.79 74.32 1.14 20.00 0.00 38.50 
19 0.73 46.46 2.56 27.00 9.67 0.86 53.51 1.21 33.67 5.33 0.79 75.00 1.05 20.67 0.00 40.25 
20 0.74 46.61 2.16 28.33 9.67 0,86 53.45 1.19 34.00 5.33 0.80 75.56 0.84 22.33 0.00 41.44 
Table 13.43 Progress from reciprocal recurrent selection for complete dominance, additive x additive, additive 
x dominance and dominance x dominance interactions genetic model; starting gene frequencies 
PA = 0.75, PB = 0.25. 
R.RS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean AA aa Freq. Mean <4 AA aa Freq. Mean °a AA aa Heterosis% 
Half-Sib 0 0.75 50.30 19.48 0.00 0.00 0.25 19.20 15.95 0.00 0.00 0.50 39,04 14,17 0.00 0.00 -22,38 
1 0.77 50.74 16.36 0.67 0.00 0.29 21.86 15.06 0.00 0.00 0.53 41.31 13.59 0.00 0,00 -18,60 
2 0.80 49.48 14.41 5,00 0.00 0.31 22.80 11.93 0.00 0.67 0.55 44,63 12.06 0.00 0.00 -9.71 
3 0.83 49.12 14.87 13.00 0.00 0.35 24.49 15.11 0.00 2.00 0.59 47.52 8.84 0,00 0.00 -2.97 
4 0.85 48.72 13.88 18.33 0.00 0.38 26.28 10.38 0.67 4.00 0.62 50.14 8,13 0.00 0.00 3.34 
5 0.85 47,81 12.10 22.00 0.00 0.39 25.81 9.41 2.33 7.33 0.62 51.70 8.12 0,67 0.00 8,66 
6 0.87 48.63 10.36 24,67 0,00 0.39 24.89 9,00 3.00 9.33 0,63 53,88 7.41 1.33 0.00 11,52 
7 0.89 49,71 8.81 27.00 0.00 0,40 25.15 7,26 4.33 11.00 0.65 55,38 5.80 2.00 0.00 12.17 
8 0.89 49,90 5.50 29.33 0.33 0.41 25.19 6.53 4,33 11,67 0.65 56,31 5.15 2.00 0.00 13,56 
9 0.90 49.96 4.20 31.00 0.67 0.43 25.36 5.63 6.67 13,00 0.66 58.14 4,82 4.00 0.00 17,43 
10 0.90 50.24 5.63 32.33 1.00 0.44 25.91 5.43 8.00 13.67 0.67 59.00 4.75 5,67 0.00 18,73 
11 0.91 51.40 3.87 32.67 1.00 0,46 27.10 5.83 10.00 14.67 0.69 60.69 3,91 6,67 0.00 19,07 
12 0.92 52.49 3.08 33,67 1,33 0,48 27.46 4,74 12.00 15.00 0.70 61.94 3.35 8,33 0.00 18,82 
13 0,92 52.75 3.26 34.33 1.33 0.48 27.88 3.79 12.33 15.67 0.70 62.41 3.53 9.00 0.00 18,97 
14 0.92 52.91 3,07 34.33 1,33 0.49 27.86 2.92 13.33 15.67 0.70 63.69 3.28 10.00 0.00 20.82 
15 0.92 53.22 2.64 35.33 1.67 0.50 28.58 4.84 14.33 15.67 0.71 64,55 2,59 11.00 0.00 21.61 
16 0.93 53,73 2,49 35.67 1.67 0.51 29.43 4.91 15.00 16.00 0.72 65,34 3.00 11.67 0.00 21.80 
17 0.93 54.31 2.82 35.67 1.67 0.52 30,19 3.85 15,67 16.67 0.72 65.93 1,79 12,33 0,00 21.56 
18 0.93 54.03 2.41 36.00 1.67 0.52 30.51 3.94 16.33 16.67 0.72 66.11 1,96 13.00 0.00 22.50 
19 0.93 54.20 2.17 36.33 1.67 0.51 30.15 2.47 17.00 16.67 0.72 66.29 1.51 14.00 0,00 22.42 
20 0.93 54.44 1.43 36.67 1.67 0.51 30.00 2.01 18.00 17.00 0.72 66.43 1,68 15.00 0.00 22.07 
Full-Sib 0 0.75 50.30 19.48 0.00 0.00 0.25 19.20 15.95 0.00 0,00 0.50 39.04 14.17 0.00 0.00 -22,38 
1 0.78 51.52 18.74 0.67 0.00 0.28 20.89 12.28 0.00 0.33 0.53 42.26 15.52 0.00 0.00 -17.97 
2 0.83 52.55 18.39 6,33 0.00 0.28 20.71 13.55 0.00 1.33 0.55 45.06 11.26 0.00 0.00 -14,26 
3 0.84 52.47 20.13 11.00 0.00 0.29 20.99 15.20 0.00 2.67 0.57 47.01 11.60 0.00 0.00 -10.39 
4 0.85 51.31 15.65 15.00 0.00 0.31 21.42 15.75 0.33 4.33 0,58 48,67 9.49 0.00 0.00 -5.00 
5 0.87 52.86 14.37 21.00 0.00 0.33 22.22 15.51 0.67 5.67 0.60 50.78 8,98 0.00 0.00 -3.55 
6 0,88 53.28 17.43 22.33 0.00 0.34 22.78 12.14 1.33 7.33 0,61 51.84 8,10 0.00 0.00 -2.63 
7 0.89 53.05 15.18 24.33 0.00 0.35 23.09 12.09 2.33 9.00 0.62 53.02 8,39 1.00 0.00 -0.06 
8 0.91 53,46 10.71 26.00 0.00 0.36 23,39 9,45 2.67 10.33 0.63 54.71 5.94 1,33 0.00 2.41 
9 0.91 53.90 8.21 28.33 0.00 0.37 23.56 9.73 3,33 12,33 0.64 56.01 6.49 1,33 0.00 3.98 
10 0.91 53,41 7.18 29.33 0,33 0.39 23,89 9.52 4.33 13.33 0.65 57.29 4.30 2,00 0.00 7.37 
11 0.91 53.62 6.45 29.67 0.67 0.39 23.85 6.12 5.67 14.67 0.65 58.02 4.13 3,00 0,00 8.42 
12 0.91 53.67 6.55 31.00 0.67 0.40 23.98 5.47 6.00 15.00 0.65 58.40 5.19 4.00 0.00 8.99 
13 0.91 53.52 6.22 32.33 1.00 0.41 24.61 7.78 6.33 15.33 0.66 59,15 4.27 4.67 0.00 10,55 
14 0.91 53.69 4.86 33.00 1.33 0.42 25.00 5.11 7.33 15.67 0.67 60.62 4,02 5.67 0.00 12.93 
15 0.92 54.09 4.18 33.67 1.33 0.43 25.37 5.87 8.33 16.33 0.67 61.23 3.87 6.33 0.00 13.21 
16 0.92 54.20 3.30 34.33 1.67 0.45 25.87 4.74 10.00 16.67 0.69 62.41 2,99 8.00 0.00 15.17 
17 0.92 53.98 2,05 35.00 2.00 0.45 25,96 4.14 12.00 17.00 0.69 63.16 3.48 9.67 0.00 17,05 
18 0.92 54.08 2,19 35.33 2.00 0.45 25.70 3.23 14.00 17.33 0.69 63.76 2,40 11,33 0.00 17.91 
19 0.93 54.25 2.19 35.67 2.00 0.46 25.75 3.70 15.33 17.33 0.69 64.76 1.42 12,33 0.00 19.46 
20 0.93 54.78 2.51 35.67 2.00 0.47 26.16 3.75 16.00 18.00 0.70 65,19 1.69 12,67 0.00 19.07 
Table B.44 Progress from reciprocal recurrent selection for complete dominance, additive x additive, additive x 
dominance and dominance x dominance interactions genetic model; additional generation of selfing; 
starting gene frequencies PA = 0.75, PB = 0.25. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean OQ AA aa Freq. Mean °G AA aa Freq. Mean FFG AA aa Heterosis% 
Half-Sib 0 0.75 50.20 18.01 0.00 0.00 0.25 18.89 14.92 0.00 0.00 0.50 39.36 16.07 0.00 0.00 -21,60 
1 0.80 51.89 16.08 3.00 0.00 0.27 20.62 12.12 0.00 1.00 0.53 42.52 13.47 0.00 0.00 -18.04 
2 0.84 52.32 15.16 9.00 0.00 0.29 20.36 10.36 0.00 4,33 0.56 46.10 12.26 0.00 0.00 -11.79 
3 0.86 51.23 10.72 14.00 0.00 0.30 20.82 10.54 0.33 8,67 0.58 49.27 10.25 0.00 0.00 -3.81 
4 0.88 51.61 9.63 19.33 0.00 0.32 20.66 10.31 1.00 10.00 0.60 51.57 8.14 0.00 0.00 -0,03 
5 0.91 51.76 8,39 24.33 0.00 0.32 20.56 6.89 2,00 13.00 0.62 54.47 5.68 0.67 0.00 5,28 
6 0.91 53.02 10.49 28.00 0.33 0.33 20.85 7.24 3.33 14.67 0.62 55.80 4.79 1.67 0.00 5,35 
7 0.93 53.30 6.17 31.00 0.67 0,34 20.57 6.06 4.00 16.00 0.64 57.37 3.97 2.67 0.00 7,72 
8 0.95 54.90 3.33 33.67 0.67 0.35 20.62 4.62 5.00 16.33 0.65 58.93 3.06 4.33 0.00 7,35 
9 0.95 55.47 2.03 35,33 0.67 0.36 21.12 3.88 5.33 18.00 0.66 60.23 2.92 5.00 0.00 8,58 
10 0.96 55.72 1.26 36.67 0.67 0.38 22.02 5.72 7.00 18.33 0.67 61.35 1.74 6.33 0.00 10,13 
11 0.96 55.83 1.18 37,00 0.67 0.38 21.64 4.60 8.00 18.67 0.67 61.74 1.51 7.33 0.00 10.63 
12 0.96 55.68 0.74 37.33 0.67 0.38 21.94 3.30 9.33 19.00 0.67 62.05 1,41 8,33 0.00 11.52 
13 0.96 55.59 0.73 37.33 0.67 0.38 21.20 1.96 10.00 20.00 0.67 62.58 1.38 9.00 0.00 12,66 
14 0.96 55.60 0,67 38.00 0.67 0.39 20.87 1.45 11.67 20.33 0.67 63.24 0,82 10,67 0.00 13.87 
15 0.96 55.43 0.60 38.00 1.00 0.39 20.83 1.18 12.00 21.00 0.67 63,37 0.77 11,00 0.00 14.48 
16 0.96 55.54 0,69 38.00 1.00 0.39 20.76 1.29 12.67 21.33 0.67 63.43 0.69 11.67 0.00 14.33 
17 0.96 55.72 0.70 38.00 1.00 0.40 21.23 1.32 12.67 21.67 0.68 63.87 0.64 11.67 0.00 14.73 
18 0.96 55.93 0.49 38.00 1.00 0.40 21,37 1,20 13,00 22.33 0,68 64.12 0.63 12,00 0.00 14.71 
19 0.96 56.27 0.88 38.00 1.00 0.41 22,03 0.91 13.00 22.33 0.69 64,53 0,52 12.00 0.00 14.75 
20 0.96 56.55 1.04 38.00 1.00 0.42 22.03 1.18 15.00 22.33 0.69 64.70 0,46 14.00 0,00 14.42 
Full-Sib 0 0.75 50.20 18.01 0.00 0.00 0.25 18.89 14.92 0.00 0.00 0.50 39,36 16,07 0.00 0.00 -21.60 
1 0.81 51,50 16.34 3.67 0.00 0.26 20.07 12.82 0.00 0.67 0.54 43.00 12,21 0.00 0.00 -16.50 
2 0.86 52.94 11.66 8.33 0.00 0.26 19.32 12.42 0.00 3.67 0.56 46.80 10.96 0.00 0.00 -11.62 
3 0,89 53.64 15.06 15.67 0.00 0.28 19.96 7.79 0.00 6,00 0.59 48.89 8.50 0.00 0.00 -8,87 
4 0.92 53.93 12.50 22,33 0.33 0.30 19.86 6.94 0.67 9,33 0.61 51.65 8.56 0.67 0.00 -4.28 
5 0.93 54.72 8.82 28.33 0.33 0.32 21.15 8,02 2.00 11.33 0.63 54.15 8.05 1.67 0.00 -1.05 
6 0.94 54.96 8.33 30.67 0.33 0.33 21.01 9.16 2.67 13.67 0.64 56.15 7,83 2.00 0.00 2.10 
7 0.96 54.59 6.86 34.33 0.33 0.36 22.61 5.79 2.67 14.00 0.66 57.81 5.07 2.33 0.00 5.87 
8 0.96 55.42 2.15 36.33 0.33 0.37 22.65 6.22 3.67 15.67 0.67 60.05 5.02 3.67 0.00 8.31 
9 0.97 56.22 1.86 36.67 0.33 0.39 23.31 5.09 5.67 16.33 0.68 61,23 3.31 5.67 0.00 8,86 
10 0.97 55.82 2.74 37.33 0.33 0,39 23.00 5.00 6.67 17.33 0.68 62.32 3.06 6.33 0.00 11.59 
11 0.97 56.34 1.75 37.67 0.33 0.40 23.36 4.68 7.67 18.33 0.69 63,08 2,60 7.33 0.00 11.90 
12 0.98 56.69 1.67 37.67 0.33 0,42 23.99 3.50 9.67 18.67 0.69 63,93 1.72 9.00 0.00 12,74 
13 0.98 57.26 1.08 38.33 0.33 0.42 24.19 2.96 11,00 19.00 0.70 64.48 1.41 10.67 0.00 12.52 
14 0.98 57.46 0.60 38.67 0.33 0.43 24.74 1.79 12.00 19.33 0.71 64.85 1.01 11.67 0.00 12,79 
15 0.98 57.44 0.50 38.67 0.67 0.43 24.77 1.76 12.67 19.67 0.71 65,23 1.12 12.33 0.33 13.47 
16 0.98 57.40 0.47 39.00 0.67 0.44 24,82 1.11 13.67 20.67 0.71 65.83 0,95 13.00 0.33 14.59 
17 0.98 57.59 0.34 39.00 0.67 0.45 25.18 0.72 15.00 20.67 0.72 66.16 0,39 14.33 0.33 14.76 
18 0.98 57.65 0.26 39.00 0.67 0.45 25.39 1.02 15.33 20.67 0.72 66.29 0,53 14,67 0,33 14.87 
19 0.98 57.50 0.45 39.00 0.67 0.46 25.62 1.09 15.33 20.67 0.72 66.48 0.35 14,67 0.33 15.51 
20 0.98 57.58 0.37 39.00 0.67 0.46 26.22 1.37 16.67 20.67 0.72 66.69 0.31 16,00 0.33 15,71 
Table B.45 Progress from reciprocal recurrent selection for complete dominance genetic model and 20 loci. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean V'G AA aa Freq. Mean °G AA aa Freq. Mean cr-G AA aa Heterosis% 
Half-Sib 0 0.50 59.87 58.56 0,00 0.00 0.50 59.66 65.55 0.00 0.00 0.49 59.95 40.59 0.00 0.00 -0.33 
1 0.57 65.03 43.67 0.00 0.00 0.57 65.07 48.26 0.00 0.00 0.58 65.74 34.10 0.00 0.00 -0.76 
2 0.60 65.60 33.84 0.00 0.00 0.65 69.20 36.90 0,33 0.00 0.63 69.44 21.79 0.00 0.00 -0.87 
3 0.61 64.96 32.83 1.33 0,00 0.69 71.14 30.83 1.33 0.00 0.65 71.02 20.04 0.00 0.00 -0,54 
4 0.66 66.91 29,62 2.00 0.00 0.76 73.66 23.22 2,33 0.00 0.71 74.86 11.54 0.00 0.00 1,69 
5 0.08 66.30 36,55 3.67 0.33 0.81 74.73 22,16 5.33 0.00 0.75 76.97 7.45 0.67 0.00 3,10 
6 0.70 66,23 14.11 5.00 1,00 0.84 74.56 17.09 9.67 0.00 0.77 78.20 4.01 1.33 0.00 5.16 
7 0.72 66.74 17.80 6.67 1.33 0.85 75.62 13.60 10.67 0.00 0.79 78,89 2.51 2.33 0.00 4.47 
8 0.74 66.90 11.38 7.00 1.33 0.85 74.84 14.09 10.67 0.00 0.79 79.33 1.63 2.33 0.00 6,28 
9 0.75 66.79 15.27 9.00 1.67 0.85 74.46 13.48 11.33 0,33 0.80 79.78 0.50 2.67 0.00 7,38 
10 0.75 66.33 16.11 9.33 2.00 0.85 73.93 14.29 12.00 0.33 0.80 79.78 0.51 3.00 0.00 8.20 
11 0.75 65.94 19.10 10.00 2.33 0.85 73.45 14.99 12.33 0.33 0.80 79.67 0.83 3.67 0.00 8.87 
12 0.75 65.41 19,37 10.00 2.33 0.84 72.58 12.24 12.33 0,33 0.79 79.74 0,62 3.67 0.00 10.33 
13 0.75 65.30 16.87 10.33 2.33 0.83 71.52 13.16 13.00 0.33 0,79 79.81 0.47 4.67 0.00 12.32 
14 0.75 64.15 12.09 10.67 2.33 0.83 71.28 12.87 13.67 0.33 0.79 79.93 0.20 5.00 0,00 12,91 
15 0.76 63.76 6.33 11.67 3.00 0.84 71.94 11.87 13.67 0.67 0.80 79.93 0.18 5.67 0.00 11.68 
16 0.76 63.41 6.24 12.67 3.00 0,86 72,78 8.79 13.67 0.67 0.81 79.92 0,26 6.67 0,00 10.27 
17 0.76 63.32 5.77 13.00 3.00 0,86 72.39 10.58 13.67 0.67 0,81 79.87 0.29 7.00 0.00 10.78 
18 0.75 63.03 5.10 13.00 3.33 0.86 72.59 11.85 14.00 0.67 0.81 79.94 0.16 7.33 0.00 10.48 
19 0.75 62.87 5,56 13.00 3.67 0.87 73.28 14.42 14.67 0.67 0.81 80.00 0.00 7.67 0,00 9.48 
20 0.76 63.36 3.16 13.33 3.67 0.88 73.66 7.15 15.00 0.67 0.82 80.00 0.00 8.33 0,00 9.00 
Full-Sib 0 0.50 59.87 58.56 0.00 0.00 0.50 59.66 65.55 0.00 0.00 0.49 59.95 40.59 0.00 0.00 -0.33 
1 0.54 63.62 45.44 0.00 0.00 0,55 63.77 37.63 0.00 0.00 0.55 63.43 31.26 0.00 0.00 -0.75 
2 0.59 65.96 44.43 0.00 0.00 0,59 65,75 37.47 0.00 0,00 0,59 67.27 25.16 0.00 0.00 0.50 
3 0.63 66.95 40.72 0.33 0.00 0.62 65.85 35.29 0.33 0.33 0.63 70.13 20.31 0,00 0.00 2.80 
4 0.64 66.57 33.67 1.67 0.00 0.65 65.08 33.08 1.00 0.33 0.64 72.25 18.39 0.00 0.00 6.47 
5 0.66 65.30 33.56 2.67 0.67 0.68 65.81 26.96 3.67 0,67 0,67 74.29 11.83 0.33 0,00 9.30 
6 0.70 66.80 21.58 5.33 0.67 0.72 66.47 19.14 7.00 1.00 0.71 77.17 6.43 0.33 0.00 12.06 
7 0.73 67.36 20.64 7.33 0.67 0.73 66.33 13.80 8.67 1.33 0.73 78.32 3.73 0.33 0,00 12.69 
8 0.71 65.67 23.42 8.00 0.67 0.75 66.23 14.32 9.00 1.67 0.73 78.45 3.93 0.67 0,00 15.31 
9 0.69 63.39 20.05 8.33 0.67 0.76 66.79 13.34 10.33 1.67 0.73 78.94 2.64 1,67 0.00 18.41 
10 0.71 64.13 21.74 9.00 0.67 0.75 65.79 15.71 10.67 1.67 0.73 79.35 1.51 2.00 0.00 19.57 
11 0.72 64.12 19.35 9.67 0.67 0,76 66.72 16.86 10,67 1.67 0.74 79.53 1.07 2.00 0,00 18.41 
12 0.73 64.98 22.65 9.67 0.67 0.75 66.15 19.42 11.00 1.67 0.74 79.78 0.56 2.00 0.00 19.14 
13 0.73 65.36 21.21 10.33 1.00 0.76 66.35 15.31 11.67 1.67 0.75 79.87 0.35 3.00 0.00 18,14 
14 0.72 63.71 18.90 10.67 1.33 0.77 66.17 14.47 12.00 2.00 0.75 79.98 0.07 3.00 0.00 19,21 
15 0.72 63,64 16,91 10.67 2.00 0.78 66.61 12.14 12.67 2.00 0.75 80.00 0.00 3.33 0.00 20.30 
16 0.73 63.76 12.51 11.00 2.00 0.78 67.22 13.74 12.67 2.00 0.76 80.00 0.00 3.67 0.00 19.66 
17 0.72 62,95 13.29 11.33 2.00 0.79 67.82 10.19 12.67 2.00 0.75 80.00 0.00 4.00 0.00 19.04 
18 0.72 62.79 12.49 11.67 2.00 0.79 67.65 8.64 13.00 2.00 0,76 80.00 0.00 4.67 0.00 18.99 
19 0,72 62.13 20.54 11.67 2.00 0.80 68.33 8,56 13.00 2.00 0.76 80,00 0,00 4.67 0.00 17.71 
20 0,72 62.13 16.08 12.00 2.33 0.81 68.53 6.32 13.33 2.00 0,77 80,00 0.00 5.33 0.00 17.67 
Table B.46 Progress from reciprocal recurrent selection for complete dominance genetic model and 80 loci. 
R.R.S Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean °G AA aa Freq. Mean "A AA aa Heterosis% 
Half-Sib 0 0.50 59.96 13.64 0.00 0.00 0.50 60.15 13.96 0.00 0.00 0.50 60.09 9.32 0.00 0.00 -0.17 
1 0.51 61.20 11.35 0.00 0.00 0.52 61.23 12.78 0.00 0.00 0.51 60.94 8.58 0.00 0.00 -1,37 
2 0.53 61.27 14.76 0.00 0.00 0.55 62,44 13.94 0.67 0.00 0.54 63,00 8.44 0.00 0.00 0.85 
3 0.56 61.41 11.56 0.67 0.67 0.56 62,51 10.79 1.33 0.33 0.56 64,44 7.87 0.00 0.00 2.25 
4 0.58 61.94 10.47 3.67 1.00 0.58 62,59 10.04 3.33 0.67 0.58 66.07 5.55 0.00 0.00 4.64 
5 0.60 62.19 8.48 6.00 2,33 0.59 62.33 11.37 5.00 1.33 0.60 67.69 5.98 0.33 0.00 7.39 
6 0.61 61.65 6.86 9.67 4.00 0.61 62.25 8,90 7.33 3.67 0.61 69.06 4.99 0.67 0.00 9.56 
7 0.64 62.52 7.52 14.33 6.00 0.61 61.27 6.87 10.67 5.67 0.63 70.32 4,26 1.67 0.00 11.38 
8 0,64 62,35 8.48 18.00 6.00 0.63 61.38 7.33 14.33 6.67 0.64 70.80 4.59 3,00 0.00 12.99 
9 0.66 62.90 7.22 21.00 6.67 0.63 60.58 6.21 16.33 7.67 0.65 71.95 3.69 3,33 0.00 14.43 
10 0.67 62.52 7.18 24.00 8.00 0,62 59.59 5.95 18.67 9.00 0.65 71.92 4.01 4.67 0.33 15.10 
11 0.68 63.07 5.28 27.67 8,33 0,63 59.29 6.61 22.33 10.00 0.66 73.02 3.19 6.00 0.33 15.83 
12 0.69 62.52 5.96 32.00 8.67 0,64 59.17 7.26 24.67 10.33 0.66 73.88 2.86 6.67 0.33 18.22 
13 0.70 62,80 4.30 34.00 9.67 0.65 59.36 5.68 27.33 11.67 0.67 74.72 1.93 8.00 0.33 19,03 
14 0.71 62.82 3.74 36.67 10.33 0.65 58.83 5.64 29.67 12.33 0,68 75.22 1.29 10,00 0.33 19.80 
15 0.72 62.80 3.52 39.33 10.33 0.65 58.75 4.74 31.67 14.33 0.69 75.90 1.58 10.67 0.33 20,88 
16 0.73 63.05 3.22 41.67 11.33 0.66 58,92 4.45 33.67 15.00 0,69 76,40 1.45 11.67 0.33 21.19 
17 0.72 62.36 3.19 42.67 11.33 0.66 58,87 2.94 35.00 15.00 0.69 76.56 1.36 12.33 0.33 22.83 
18 0.72 61.85 3.15 44.00 12.33 0,66 58.74 3.25 36.33 15.00 0.69 76.81 1.27 14.00 0.33 24.24 
19 0.73 61.90 1.73 46.00 13.00 0.67 58.36 3.32 36.67 15.33 0.70 77.18 1.00 16.33 0.33 24.77 
20 0.73 61.63 1.99 47.33 13,33 0,67 58.38 2.83 38.33 15.67 0.70 77.60 0,81 17.33 0.33 25.96 
Full-Sib 0 0.50 59.96 13.64 0.00 0.00 0.50 60.15 13.96 0.00 0.00 0.50 60.09 9.32 0.00 0.00 -0.17 
1 0,53 62.27 8.73 0.00 0.00 0.53 62.52 11.10 0.00 0.00 0.53 62.29 9.22 0.00 0.00 -1.42 
2 0.53 61.11 12.35 0.00 0.00 0.54 61.44 15.92 0.33 0.00 0.53 63.04 7,43 0.00 0.00 1,52 
3 0.54 60.62 13.62 0.67 0.67 0.56 61.37 11.62 1.33 0.00 0.55 64.40 8,57 0.00 0.00 4.96 
4 0.55 60.26 13.32 1.67 1.00 0.57 60.79 13.24 3.33 1.00 0.56 65.73 7.17 0.00 0.00 7.60 
5 0.57 59.92 11.75 4.67 2.67 0.58 60.04 10.29 7.33 3.67 0.58 66.76 5.81 0.33 0.00 10,55 
6 0.59 60.14 10.37 9.67 3.67 0.59 59.97 10.19 9.67 4.33 0.59 67.94 5.13 1.00 0.00 12.63 
7 0.60 59.70 8.59 13.00 5.00 0.60 60.01 9.27 13.00 6.00 0.60 69,06 4,94 1.67 0.00 14.36 
8 0.61 59.38 7.68 17.67 8.00 0.61 60.08 6.07 16.33 6.33 0.61 69.90 3,63 3.67 0.00 15.91 
9 0.62 59.86 6.87 21.33 9.00 0.62 60.19 6.28 19.67 6.33 0.62 71.05 3.79 4.67 0.00 16.70 
10 0.63 60.19 7.84 23.67 9.67 0.63 60.03 7.40 21.33 7.00 0.63 71,80 3.99 5.33 0.00 18.62 
11 0.63 58.79 6.24 26.67 10.67 0.63 59.86 6.19 24.67 8.33 0.63 72,39 2.90 6.67 0.00 20.90 
12 0.64 58.92 6.07 28.33 12,33 0.65 60.64 6.54 26.67 8.67 0.65 73.54 2.90 6.67 0.00 21.29 
13 0.65 58.48 5.16 30.33 13.33 0.65 59.71 4.70 28.33 9.67 0.65 73.98 2,96 7.00 0.00 23.91 
14 0.65 58.48 4.78 33.00 14.33 0.65 59.30 3.95 29.33 11.00 0.65 74.39 2,42 8.33 0.33 25,45 
15 0.65 57.92 3.97 35.00 14.67 0.66 59.22 4.09 32.67 12.33 0,66 75.15 1.79 9.33 0.33 26.90 
16 0.66 58.36 3.22 35.67 15.00 0.66 59.15 3.38 33.67 13.67 0.66 75.34 1.99 10.00 0.33 27.19 
17 0.66 57.96 3.40 37.33 15,67 0.67 59.03 2.75 36.33 14.00 0.66 75.45 1.99 11.67 0.33 27.82 
18 0.66 57.92 4.07 39.67 16.00 0.67 58.57 3,30 37.00 14.33 0.67 75,86 1.79 12,67 0.33 29,02 
19 0.67 57.71 2.67 41.00 16.67 0.67 58.48 3.93 38.00 15.00 0.67 76.15 1.37 13,67 0.67 29.79 
20 0.67 57.35 2.96 42.33 17.33 0.67 58.44 3.29 38.67 15.33 0.67 76.28 1.31 15.00 0.67 29.33 
Table B.47 Progress from reciprocal recurrent selection for complete dominance genetic model and Pc = 0.25. 
R.RS Selection Populations 
Cycle A B AB 
°G 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean AA aa Freq. Mean FFG AA aa Freq. Mean AA aa Heterosis'# 
Half-Sib 0 0.50 60.23 30,71 0.00 0.00 0.50 59.76 30.68 0,00 0.00 0.50 60.16 21.55 0.00 0.00 -0.31 
1 0.57 65.22 19.49 0.00 0.00 0.55 63.52 23.47 0.00 0,00 0.56 64,58 15.56 0.00 0,00 -1.10 
2 0.61 65.92 20.87 1.00 0.00 0.58 63.63 24.08 1.33 0.00 0.60 67.39 12.26 0.00 0.00 2.23 
3 0.65 66.15 19.71 1.67 0.00 0.62 65.63 17.29 2.00 0.00 0.63 70.07 8,71 0.00 0,00 5,64 
4 0.66 66.57 16.77 3.33 0.33 0.63 65.18 17.81 4.00 0.33 0.64 71.37 9.06 0.00 0,00 7.24 
5 0.68 66.10 14.59 8.33 0.33 0.65 65.31 17.01 6.33 0.33 0.67 73.43 6.43 0.00 0,00 10,84 
6 0.70 65.87 12.84 10.00 1.00 0.66 64.57 17.91 7.00 0.67 0.68 74.41 5.47 0.00 0.00 13.11 
7 0.71 65.47 13,00 14.33 1,33 0,69 65.71 12.81 9,67 1.33 0.70 75.58 4.01 1.33 0.00 12.73 
8 0.73 66.46 11.75 16.33 1.33 0.71 67.07 12.00 10.33 1.67 0.72 76,58 3.25 1.67 0.00 12.41 
9 0.75 66.47 8.47 18.00 1.33 0.71 66.10 12.14 12.67 2.00 0.73 77.50 2.50 3.00 0.00 14.89 
10 0.75 65.79 7.39 20.00 2.67 0.72 66.04 9.88 14.00 2.33 0.74 77,91 2,21 4,00 0.00 16.39 
11 0.77 66.08 5.06 21,33 3.67 0.72 65.48 9.91 16.67 2.67 0.74 78.56 1.21 5.67 0.00 17.48 
12 0.76 65.14 3.88 22,67 3.67 0.72 65.33 13.01 17.33 2.67 0.74 78.52 1,49 6.33 0.00 18.37 
13 0.75 64.44 5.58 23.67 4.67 0.74 66.06 9.40 18.33 3.00 0,75 78,98 1.25 7.00 0,00 17,51 
14 0.76 64.75 5.83 24.00 5.00 0.73 65.50 7.94 19.00 3.00 0.75 79,12 1,11 7.33 0.00 18.74 
15 0.77 65.30 5.30 24.33 5.00 0.74 65.59 7.81 20.67 3.00 0.76 79,65 0.49 7.33 0.00 18.26 
16 0.76 64.91 6.37 25.33 5.00 0.74 64,84 7.76 21,33 3,67 0.75 79.73 0.31 8.33 0.00 19.14 
17 0.77 65.42 4.41 26.00 5.00 0.74 64,78 11.99 22.33 3.67 0.75 79.83 0.19 9,00 0.00 17.57 
18 0.77 65.47 6.92 26.00 5.00 0,74 64.62 7.25 22,67 4.00 0.76 79.85 0.18 9.33 0.00 18.12 
19 0.77 65.41 4.35 26.00 5.00 0.76 65.19 7.79 23,00 4.00 0.77 79.94 0.07 9.67 0.00 18.55 
Full-Sib 20 0.77 65.05 177 26.00 5.67 0.75 64.28 5.64 23.00 4.33 0.76 79.99 0.02 9.67 0.00 20.13 
0 0.50 60.23 30.71 0.00 0,00 0.50 59.76 30.68 0,00 0.00 0.50 60.16 21.55 0.00 0.00 -0.31 
1 0.55 63.53 23.88 0.00 0.00 0.55 64.20 20.12 0,00 0.00 0.55 63,67 16.49 0.00 0,00 -1,55 
2 0.58 64.61 28.27 0.33 0,00 0.58 64.95 22.34 0,00 0.00 0.59 66.67 15.73 0.00 0.00 2.01 
3 0.62 65.16 18.63 0.67 0.00 0.60 64.35 21.84 1.33 0.00 0.61 69.03 11.37 0.00 0.00 5,64 
4 0.64 65.13 16.33 2.00 0.67 0.62 64.28 18.74 2.67 0.00 0.63 70.53 10,24 0.00 0.00 6.59 
5 0.66 65.50 12.52 5.00 1.00 0.64 64.39 16.13 5.67 0.00 0.65 72.58 7.62 0.00 0.00 10.90 
6 0.68 65.76 12.32 7.67 1.33 0.65 63.70 20.19 9.00 1.33 0.67 73.70 5,84 0.00 0.00 12.30 
7 0.69 65.22 9.28 9.67 1.67 0.68 65.22 17.18 11.00 2.00 0.68 75.24 5.15 0.33 0.00 14.57 
8 0.71 66.30 11.24 11.33 1.67 0.69 64.67 14.64 12.67 2.33 0.70 75.81 4.77 0.67 0.00 14,46 
9 0.72 66.82 10.24 13.33 2.00 0.68 63.56 13.78 13.67 3.00 0.70 76.84 3.78 1,00 0,00 15.17 
10 0.73 66.51 7.65 16.67 2,33 0.69 64,25 11.46 14.00 3.00 0.71 77.66 2.35 1.67 0.00 16,82 
11 0.74 66.50 8.36 17.00 2.67 6.70 64.11 11.66 iS.66 us 6.% %.ii 5.S9 5.66 6.66 17.61 
12 0.74 65.90 8.30 19.00 2.67 0.70 63.73 11.56 16.00 3.33 0.72 78.29 2.35 3.00 0.00 18.94 
13 0.75 66.22 6.33 19.67 3.33 0.71 63.79 9.73 18.00 3.67 0.73 78,78 1.39 4.33 0.00 19.18 
14 0.76 66.56 6.55 21,33 3.33 0.72 63.71 8.03 19.33 4.00 0.74 79.02 1.16 6.67 0.00 19.05 
15 0.76 65.94 4.82 22.00 3.33 0.72 63.96 10.03 20.67 4.33 0.74 79.18 1.05 7.00 0.00 20.13 
16 0.76 65.61 5.06 22,33 4.00 0.72 63.62 9.27 20.67 4.67 0.74 79.42 0.77 7.00 0.00 20.62 
17 0.76 65.68 4.08 23.33 4.00 0.73 63.42 6.87 20.67 4.67 0.75 79.41 0.68 7.33 0.00 20.47 
18 0.77 65.68 4.76 24,00 4.00 0.74 64,02 5.85 21.33 5.00 0.75 79.58 0.64 8.00 0.00 20.41 
19 0.77 65,46 5.07 25,00 4,00 0.74 64,30 5.43 22,00 5,00 0,76 79.53 0.51 9.33 0,00 20.10 
20 0.77 65.31 5.24 25.00 4.33 0.74 63.95 5.52 22.00 5.33 0,75 79.70 0.44 9,33 0,00 20.67 
Table B.48 Progress from reciprocal recurrent selection for complete dominance genetic model and PC = 0.1. 
RR.S Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean °G AA aa Freq. Mean <T2g AA aa Freq. Mean «G AA aa Het,erosis% 
Half-Sib 0 0.50 60.45 31.74 0.00 0,00 0.50 59.99 28,92 0,00 0.00 0.50 60,11 20.41 0.00 0.00 -0,57 
1 0.57 65.24 18.20 0.00 0.00 0.56 64.20 21,20 0.00 0.00 0.56 64,73 13.87 0.00 0.00 -0,99 
2 0.59 65.35 21.39 0.67 0.00 0.60 65.28 20.22 0.67 0.00 0.59 66.97 13.53 0.00 0.00 0,73 
3 0.62 65.92 19.29 1.33 0.00 0.61 64.76 25.36 2.33 0.33 0.62 68.87 9,85 0.00 0.00 2.05 
4 0.63 65.95 24.43 2.67 0.00 0.64 64.47 20.02 5.00 0.33 0.63 70.17 11,31 0.00 0.00 4.08 
5 0.65 66.18 20.22 3.67 0.00 0.65 64.75 17.31 6.67 0.67 0.65 72,25 6.31 0.00 0.00 5,91 
6 0.66 66.33 17.53 5,00 0.00 0.65 64.20 17.73 9,00 0,67 0.66 72,70 7.06 0.00 0,00 7.43 
7 0.67 65.95 15.20 8.00 0.33 0.67 63.64 11.87 11.33 2.00 0.67 74.76 5.23 0.67 0,00 11.12 
8 0.70 65.65 13.33 10.33 0.67 0.68 63.65 14,23 14,33 2.67 0.69 76.08 3.69 2,33 0,00 15.50 
9 0.71 65.33 14.53 13.00 0.67 0.69 62.55 11.89 16.33 2.67 0.70 76.86 2.88 2,67 0,00 17.79 
10 0.71 65.77 14.02 15.33 1.67 0.69 62.56 10.60 18.00 2.67 0.70 77.46 3.23 3,00 0.00 17.95 
11 0.71 65.20 9.98 16,00 2.67 0.69 61.56 10.92 20.33 3.33 0.70 78.12 2.43 4.00 0.00 20.00 
12 0.71 64.59 9.56 17.67 3.67 0.69 61.22 10.22 21.00 4.00 0.70 78.62 1.41 4,33 0.00 21.90 
13 0.72 64,82 10.59 18.67 4.00 0,68 60.30 8.17 21,33 4.33 0.71 78.79 1.44 5.00 0.00 21.90 
14 0.74 64.91 8.45 19.33 4.33 0.69 60.53 7.10 21.67 4.67 0.71 79.08 0.89 5,33 0.00 22.27 
15 0.74 64.55 7.21 20.00 4.67 0.69 60.23 6.07 21.67 5.00 0.72 79.55 0.53 5,33 0,00 23.70 
16 0.74 64.42 6.01 20.67 4.67 0.70 59.95 6.45 22.33 6.00 0.72 79.56 0.51 5.67 0.00 23.91 
17 0.74 63.94 8.75 21.67 4.67 0.70 60.18 5.68 22.67 7.33 0.72 79.80 0.31 6.33 0.00 24.77 
18 0.74 63.78 6.44 22.00 4.67 0.71 59.92 6,44 24,33 7,67 0,72 79.92 0,10 7.67 0,00 24.98 
19 0.74 63.16 5.84 23.00 5.00 0.71 60.42 5.19 24.67 7,67 0.73 79.94 0.13 8,33 0.00 25.17 
20 0.74 62.58 4.62 24.33 6.00 0,72 60,24 3.76 24.67 8.00 0.73 79.92 0.15 9.67 0.00 25.44 
Full-Sib 0 0.50 60.45 31.74 0.00 0.00 0.50 59.99 28.92 0.00 0.00 0.50 60,11 20.41 0.00 0.00 -0,57 
1 0.53 62.46 28.52 0.00 0.00 0.54 62.75 17.92 0.00 0.00 0.54 62.69 17.28 0.00 0.00 -0.29 
2 0.55 62.76 20.09 0.00 0.00 0.55 62.16 22,36 0,00 0.00 0.55 63,80 14,70 0.00 0.00 0.95 
3 0.58 64.21 18.77 0.67 0.33 0.57 61.96 20.22 1.00 0.33 0.58 66,44 13.34 0.00 0.00 3.01 
4 0.61 64.68 21.92 1.67 0.67 0.59 61.33 20.83 2.67 0.67 0.60 69.01 12.39 0.00 0.00 5.68 
5 0.62 64.22 20.24 3.00 0.67 0.62 61.06 19.97 5.33 1.67 0.62 71.54 8.56 0,00 0.00 9.63 
6 0.65 64.95 18.50 5,33 0.67 0.65 60.90 13.76 10.00 3.00 0.65 73.72 6.24 0,33 0.00 12.97 
7 0.67 64.30 16.28 8.00 1.00 0.65 60.81 10.85 11.00 4.00 0.66 75.02 4.71 0.33 0.00 15.33 
8 0.68 63.90 13.40 10.33 2.33 0.67 60.99 7.86 14.33 5.33 0.67 76.26 3.35 1.33 0.00 18.59 
9 0.70 63.95 13.45 14.00 3.67 0.68 60.91 6.91 16.33 5.67 0.69 77.35 2.67 3.00 0.00 19.62 
10 0.70 64,12 9.49 15.33 3.67 0.68 60.14 6.53 18.00 6.33 0.69 78.11 2.02 3,67 0.00 21.45 
11 0.71 63.96 10.72 16.67 3.67 0.69 60.13 5.81 20.33 6.67 0.70 78.20 1.50 4,33 0.00 22.41 
12 0.71 63.05 8.83 19.00 4.67 0.69 59.70 5.09 21.33 7.00 0.70 78.75 1.41 5,67 0.00 25.07 
13 0.71 62.55 7.66 19.33 5.00 0.69 59.13 6.06 22.33 7.33 0.70 78.96 1.08 6.67 0.00 25.09 
14 0.71 61.75 9.54 20.33 5.00 0.70 59.37 4.44 23.00 7.67 0.71 79.08 0.79 7.00 0.00 25.92 
15 0.71 61.53 7.39 21.33 5.33 0.70 59.04 4,87 23.00 7.67 0.70 79.52 0.53 7.00 0.00 26,84 
16 0.71 60.86 8.39 22.33 6.00 0.70 58.81 4.57 24.33 8.00 0.70 79.58 0.37 9.00 0,00 27,45 
17 0.71 60.97 6.60 23.00 6.33 0.70 58.87 3.88 24.33 8.00 0.71 79.78 0.21 9.00 0.00 26.57 
18 0.71 60.67 5.74 23.33 6.33 0.70 58.25 3.12 25.00 8.33 0.70 79.74 0.26 9,33 0,00 27.18 
19 0.71 59.94 7.22 23.67 6.67 0.70 58.25 3.95 25.00 8.67 0,70 79.82 0.20 9.67 0,00 28.67 
20 0.71 60.33 5,27 24.33 6.67 0.70 58.02 4.56 25.00 9.00 0.71 79.86 0.18 10.33 0.00 29.43 
Table B.49 Progress from reciprocal recurrent selection for complete dominance genetic model and Environmental 
Variance iV(0,60). 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean 4 AA aa Freq. Mean 4 AA aa Freq. Mean 4 AA aa Heterosis'#) 
Half-Sib 0 0.50 60.16 27.19 0.00 0,00 0.50 60,15 31.93 0.00 0.00 0.50 59.74 22.90 0.00 0.00 -1.15 
1 0.58 65.59 18.97 0.00 0.00 0.56 63.93 19,40 0.00 0.00 0.57 64,90 13,58 0.00 0.00 -1.03 
2 0.63 67.57 18.27 0.67 0.00 0.59 64.81 21.85 0.00 0.00 0.61 67.79 11.96 0,00 0.00 -0.22 
3 0.68 68.94 15.60 2.33 0.00 0.63 65.93 19,87 2.33 0.00 0.65 70,79 10.19 0,33 0.00 1.95 
4 0.72 70.75 14.83 4.33 0.00 0,68 67.29 14.13 4.67 0.00 0.70 73,87 7.81 0,33 0.00 4.32 
5 0,74 70,41 13.49 8.67 0.33 0,68 65.88 11.15 7.67 1.00 0.71 75.23 4.37 0.33 0.00 6.88 
6 0.76 70.74 8.42 11.67 0.33 0,69 65.66 12.63 9.00 1.00 0.72 76.35 3,93 1.00 0.00 7,98 
7 0.77 70.47 7.48 13.67 0.67 0.69 64.75 11.56 11,00 1.33 0.73 76,78 2,99 1.67 0,00 8,99 
8 0.78 70.43 8.00 17.33 1.00 0.70 64.56 9.95 13,67 1.33 0,74 77.97 2.03 2.67 0.00 10.72 
9 0.78 69.24 8.69 21.00 1.33 0.69 63.63 10.35 15,33 3.00 0,73 78.25 1.93 3,67 0.00 13.05 
10 0.79 69.50 9.89 22.00 1.33 0,70 63.55 11.16 15.33 4.33 0.74 79.05 1.22 3.67 0.00 13.80 
11 0.79 68.81 7.72 23.33 2.00 0,70 62,95 9.32 17.00 5,00 0.75 79,43 0.74 5,33 0.00 15.50 
12 0,80 68.73 6.01 24,33 2.33 0.72 63.70 8.78 18.33 5.00 0.76 79.61 0.45 6,33 0.00 15.98 
13 0.80 68.72 4.27 25.33 2.33 0,73 64,35 7.31 20.00 5,33 0.77 79.84 0.15 7.33 0.00 16.34 
14 0.80 68.52 3.98 25.33 2.67 0.73 63.25 7.20 21.33 5,33 0.77 79.85 0.18 8.33 0.00 16,71 
15 0,80 67.67 4.70 26.00 3.33 0,72 62.27 7.75 22.00 5.33 0.76 79.92 0,12 9.33 0.00 18,36 
16 0.81 68.09 3.23 26.67 3.33 0.72 61.92 5.92 22.33 5.67 0.76 79.98 0,03 10.33 0.00 17.66 
17 0.81 67.79 5.27 28.00 4.00 0,71 61.32 6.11 22.33 5.67 0.76 79.98 0,02 11.00 0.00 18.22 
18 0.81 67.53 4.43 29.00 4.33 0.72 61.32 5.58 23.67 6.00 0.76 80.00 0.00 12.67 0,00 18.71 
19 0.81 67.61 4.57 29.00 4.33 0,71 60.28 5.00 23.67 6.67 0,76 80.00 0.00 12.67 0,00 18,57 
20 0.81 67.43 4.59 29.00 4.33 0,72 60.95 3.76 24.00 6.67 0,76 80.00 0.00 13.00 0.00 18.84 
Full-Sib 0 Û.5Û 60.16 27.19 0.00 0.00 0,50 60.15 31.93 0.00 0.00 0,50 59.74 22.90 0.00 0.00 -1,15 
1 0.53 62.00 25.83 0.00 0.00 0.54 62.90 27.34 0.00 0.00 0.53 62.42 20.68 0.00 0.00 -0.75 
2 0.56 62.86 19.18 0.00 0,00 0.58 64.12 19.76 0.33 0.00 0.57 65.96 13,08 0.00 0,00 2.94 
3 0.60 63.71 24.62 1.00 0.00 0.62 65.16 15.84 2.00 0.33 0.61 68.88 11.21 0.00 0,00 5.74 
4 0.62 64.69 18,54 1.67 0,00 0.63 64.90 20.25 3.00 0.33 0.62 70.62 10.58 0.00 0.00 8.36 
5 0.65 65.04 16,35 4.33 0.67 0.64 64.99 20.23 5.00 0.67 0.64 72.38 8.35 0.00 0.00 10.13 
6 0.68 66.19 15.30 6.33 1.33 0.65 64.98 12.62 6.33 1.33 0.67 73,86 6.38 0.00 0.00 10.03 
7 0.68 65.90 12.60 8.33 1.33 0.66 64.02 12.46 8.00 1.33 0.67 74.59 6.01 0.67 0,00 11.46 
8 0.70 65.87 9.62 10.67 1.67 0.67 64.36 12.55 11.00 1.33 0.68 76.19 4.25 1.33 0.00 14.28 
9 0.70 64.48 10.74 13.67 2.00 0.70 65.46 11.73 12.00 1.67 0.70 77.36 2.60 1.67 0.00 16.41 
10 0.71 65.13 9.42 16.00 2.00 0.70 64.75 10.35 15.00 2.00 0.71 77.99 1.86 1.67 0.00 16.71 
11 0.72 64.94 7.98 17.67 2.33 0.71 63.78 11.99 16.33 3.67 0.72 78,77 1.23 2.00 0,00 18.77 
12 0.73 64.68 5.55 19.00 3.33 0.70 63.18 9.46 16.67 3.67 0.71 79.14 1.07 3,00 0,00 19.08 
13 0.73 63.59 5.69 20.33 4.00 0.69 61.92 11.10 18.67 4.00 0.71 79.42 0.74 4.33 0,00 20.71 
14 0.74 63.67 6.24 22.00 4.33 0,69 60.50 11.80 19.33 4.33 0.71 79.49 0.65 5.33 0,00 22.08 
15 0.74 63.60 7.38 23.00 4.33 0.68 59.81 8.11 19.67 5.33 0.71 79.63 0.53 6.00 0,00 23.44 
16 0.74 63.45 7.57 24.33 4,33 0.67 58.58 6.27 20.00 6.00 0.71 79.71 0.42 6.33 0.00 22.97 
17 0.75 64.04 5.08 24.33 4.67 0.68 58.18 4.85 21.00 7.33 0.71 79.77 0.31 7.00 0.00 22.08 
18 0.75 63.64 4.31 24.33 5.00 0.68 57.82 3.85 21.67 8.00 0.71 79,86 0.18 7.33 0.00 22.57 
19 0.75 63.19 4.73 24.67 5,00 0.68 57.42 4.12 22,67 8.33 0.71 79.99 0.01 8.00 0.00 23.17 
20 0,75 63,16 4.58 25,00 6,33 0,68 57.01 4.40 23,00 8.67 0.71 80.00 0.00 8.33 0.00 23.12 
Table B.50 Progress from reciprocal recurrent selection for complete dominance genetic model and Environmental 
Variance /V(0,240). 
R.R.S Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean 
"G AA aa Freq. Mean 4 AA aa Freq. Mean 4 AA aa Heterosis% 
Half-Sib 0 0.51 60,42 27.15 0.00 0.00 0.50 59.72 26.89 0,00 0.00 0.50 60.18 18,14 0.00 0.00 -0.40 
1 0.53 62.64 24.15 0.00 0.00 0,54 63.36 26,40 0.00 0.00 0.54 62.70 16.73 0.00 0.00 -1.35 
2 0.56 62,58 31.04 0.67 0.00 0.58 64.83 25.04 0.00 0.00 0.57 65.26 15.88 0.00 0.00 0.39 
3 0.58 63.25 25.28 0.67 0.00 0,61 65.85 19.75 0.67 0.00 0.60 67.45 12,38 0.00 0.00 2.43 
4 0.58 61.72 16.43 2,00 0.00 0,63 65.73 20.25 1.33 0.33 0.60 67.86 11.73 0.00 0.00 3.27 
5 0.59 60.93 18.35 4,33 1.00 0.67 67.47 12.02 4.33 0.33 0.63 70.58 11.51 0.00 0.00 4.69 
6 0.60 60.74 16.16 6,33 1.33 0.70 68.22 14.15 8.00 1.00 0.65 71.84 8.22 0.00 0.00 5.32 
7 0.62 61.08 11.82 7.00 2.00 0,71 68.25 15.70 10.33 1,00 0.66 73.29 8.43 0.33 0.00 7.50 
8 0.64 61.58 12.56 10.33 2.67 0.72 67.96 11.92 11.33 1.00 0.68 74,83 6.00 0.33 0,00 10.21 
9 0.65 61.47 11.45 12.67 3.33 0,74 68.73 12.90 13.00 1.00 0.70 76.24 3.99 1.67 0.00 10.61 
10 0.66 61.22 13.78 13.67 3.33 0.75 69.19 8.53 15.00 1.33 0.71 77,27 2,97 2.33 0.00 11.85 
11 0.67 61.07 10.76 15.67 4.67 0.76 68.70 8.44 16.33 1.67 0.71 77.72 2,33 3.67 0.00 13.37 
12 0.67 60.59 8.54 16.67 5.33 0.77 68.86 8.56 18.33 1.67 0.72 78.05 2.45 3,67 0.00 13.59 
13 0.69 60.93 6.08 17.33 5.33 0.79 69.90 7.68 20.33 1.67 0.74 78.37 1.65 5.33 0.00 12.34 
14 0.69 61.16 5.17 19.33 6.33 0.79 69.21 8.39 21.33 2.00 0.74 78.65 1.79 7.00 0,00 13.97 
15 0.69 60.65 5.82 19.67 6.33 0.79 69.02 7.20 22.33 2.33 0.74 79.17 0.95 7,67 0.00 14.97 
16 0.69 60.67 6.09 21.00 6.33 0.79 68.24 6.33 23.00 3.00 0.74 79.23 0.87 8.33 0.00 16.45 
17 0.69 60.50 8.39 21.33 6.67 0.79 67.86 4.68 24.00 3.00 0.74 79.27 0,87 8.33 0.00 17.06 
18 0.70 60.91 6.41 21.67 6.67 0.79 67.67 5.75 24.67 3.33 0.75 79.49 0.56 9,33 0.00 17.52 
19 0.69 59,85 6.26 22.67 7.00 0.79 67.09 4.43 25.67 3.33 0.74 79.71 0.36 10,67 0.00 18.20 
20 0.70 60.18 4.77 23.00 7.33 0.80 66.83 3.63 26.67 4,00 0.75 79.87 0.18 11.67 0.00 18.41 
Fnll-Sib 0 0.51 60.42 27.15 0.00 0.00 0.50 59.72 26.89 0.00 0.00 0.50 60.18 18.14 0,00 0.00 -0.40 
1 0.55 63.40 25.10 0.00 0.00 0.54 63.02 22.91 0.00 0.00 0.55 63.69 16.93 0.00 0.00 -1.21 
2 0.58 64.32 20.83 0.00 0.00 0.56 62.32 25.71 0.33 0.00 0.57 65.49 15.44 0.00 0.00 0.04 
3 0.59 64.25 21.56 0.00 0.67 0.60 63.86 18.04 1.33 0.33 0.59 68.32 14.72 0.00 0.00 2.65 
4 0.61 64.52 14.12 1.33 1.00 0.61 63.38 22.76 3.00 0.67 0.61 70.07 10.58 0.00 0.00 4,97 
5 0.61 63.13 14.53 3.33 1.33 0.62 63.04 20.15 4.67 1.33 0.62 70.54 11.38 0.33 0,00 6.37 
6 0.63 62.83 13.01 4.67 1.33 0.62 61.52 16,74 8.00 1.67 0.63 72.05 7.17 0.33 0.00 9.39 
7 0.65 63.15 14.84 8.33 1.67 0.64 62.30 13,03 9.67 2.33 0,65 73.44 7.60 0.67 0.00 11.94 
8 0.68 63.95 12.93 11.33 2.00 0.64 61.12 13.81 11.67 2,67 0.66 75.03 4.40 1.67 0.00 13,24 
9 0.68 63.15 17.84 13.67 2.67 0.64 59.89 10.95 12.67 3.33 0.66 75.53 3.49 2.00 0.00 15,66 
10 0.69 62.71 15.59 16.67 3.33 0.63 58.56 14.10 13.67 3.33 0.66 76.37 3.31 2,67 0.00 19.80 
11 0.71 63.39 8.75 19.67 3.67 0.62 56.90 13.04 15.33 5.00 0.66 77.05 2.95 3.67 0,00 22.41 
12 0.71 63.07 9.71 20.00 4.00 0.62 56.30 9.65 16.33 6.33 0.67 77.81 2.01 3.67 0.00 24.28 
13 0.72 63.38 7.75 20.33 4,00 0.62 55.96 9.09 17.33 6.33 0.67 78.00 2.30 4.00 0.00 23.81 
14 0.74 64.30 7.62 21.67 4.00 0.62 55.55 9.07 17.67 6.67 0.68 78.58 1.60 5.00 0.00 23,06 
15 0.73 63.22 8.99 23.00 4,00 0.62 54.92 8.23 18.67 7.33 0.68 79.01 1.22 5.67 0.00 26.02 
16 0.74 63.38 8.95 24.33 4.67 0.62 54.93 7.38 18.67 7.33 0.68 79.17 1.06 6.00 0.00 26,03 
17 0.74 62.78 6.66 24.67 5.33 0.63 55.28 6.99 19.00 8.33 0.69 79.49 0.57 6.67 0.00 27,01 
18 0.73 62.36 5.72 24,67 5.67 0.64 55.30 6.93 20.00 8.33 0.69 79.28 0.67 7.33 0.00 27,80 
19 0.73 62.14 6.11 25.33 5.67 0.64 54.88 5,81 20.33 9.33 0.69 79.45 0.62 7.67 0.00 28.90 
20 0,73 61.30 5.86 25.67 5.67 0.64 54.75 5,44 20.67 9.67 0.68 79.46 0.62 8.00 0.00 30.27 
Table B.51 Progress from reciprocal recurrent selection for complete dominance genetic model and selection in­
tensity 20%. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean 4 AA aa Freq. Mean 4 AA aa Freq. Mean 4 AA aa Heterosis1#) 
Half-Sib 0 0.50 59,62 31.56 0.00 0.00 0.51 60.41 28.01 0.00 0.00 0.50 60.55 23.05 0.00 0.00 0.24 
1 0.54 62.87 25.30 0.00 0.00 0.54 63.27 25.12 0.00 0.00 0.54 62.79 18.86 0.00 0,00 -1.93 
2 0.55 63.20 27.00 0.00 0.00 0.59 65.68 23.08 0.00 0.00 0.57 65,17 14.91 0.00 0.00 -0.80 
3 0.60 65.38 20.23 0,00 0.00 0.61 66.88 17.62 0.00 0.00 0.61 67.19 11.01 0.00 0.00 0.36 
4 0.63 66.89 19.28 0,33 0.00 0.63 67.33 20.00 0.00 0.00 0.63 68.82 11.95 0.00 0.00 1,17 
5 0.64 67.22 20.60 0.33 0.00 0.66 68.25 13.53 0.33 0.00 0.65 70.31 10.42 0.00 0.00 2.51 
6 0.66 68.53 16.92 1.00 0.00 0.68 68.45 13.15 1.00 0.33 0.67 71.79 9.09 0.00 0.00 2.09 
7 0.67 68.45 17.35 1.33 0.00 0.69 68.72 13.46 3.67 0.67 0.68 72.42 8.78 0.00 0.00 2.34 
8 0.68 68.49 14.48 3.67 0.00 0.71 68.61 11.60 4.67 0.67 0.69 73.47 8.01 0.00 0.00 3,86 
9 0.69 68.62 15.07 4.67 0.00 0.72 69.24 10.15 6.33 0.67 0.71 74,88 6.27 0.00 0.00 4,88 
10 0.71 69.16 15.32 6.00 0.00 0.74 69.59 10.69 9.00 0.67 0.73 75.75 5,81 0.33 0.00 6.05 
11 0.72 69.22 12.96 6.67 0.00 0.76 70.01 9.36 10.67 0.67 0.74 76,55 3.84 0.33 0.00 6,77 
12 0.73 69.42 12.79 8.00 0.00 0.76 70.24 10.56 13.00 0.67 0.75 77.14 2.81 0.33 0.00 7.50 
13 0.75 70.45 12.85 10.00 0.00 0.77 70.20 8.97 15.67 0.67 0.76 77.62 2.73 0.67 0.00 7.93 
14 0,76 70.63 11.08 12.67 0.33 0.78 69.71 9.03 16.00 0.67 0.77 78.26 2.29 2.00 0.00 8.64 
15 0.77 70.64 10.21 14.67 0.67 0.78 69.58 9.49 16.33 0,67 0.77 78.69 1.65 2.33 0.00 9.33 
16 0,77 70.27 11,55 16.00 0.67 0.77 69.03 9.31 17.33 0.67 0.77 78.99 1.25 3.33 0.00 10.47 
17 0.78 70.66 7.60 16,67 0.67 0.78 68.85 8.17 18.33 0.67 0.78 79.33 1.00 3,33 0.00 10.61 
18 0.79 70.48 9.45 17.67 0.67 0.78 68.34 7.24 19.33 0.67 0.78 79.38 0,82 4.33 0.00 10.86 
19 0.78 70.00 10.47 18.00 0.67 0.78 67.95 7.05 20.33 2.33 0.78 79.51 0.55 4.67 0.00 11.42 
20 0.78 69.53 9.11 19.00 0.67 0.78 67.79 5.54 21.33 2.67 0.78 79.55 0.58 6.00 0.00 11.48 
Full-Sib 0 0.50 59.62 31.56 0.00 0.00 0.51 60.41 28.01 0.00 0,00 0,50 60.55 23.05 0.00 0.00 0.24 
1 0.54 62.87 27.33 0.00 0.00 0.54 62.81 20.47 0.00 0.00 0.54 63.07 16.73 0.00 0.00 -0.59 
2 0.58 65.07 26.51 0.00 0.00 0.56 64.22 20.40 0.00 0.00 0.57 65.48 16.22 0.00 0.00 0.16 
3 0.62 66.68 20.96 0.00 0.00 0.58 64.79 19.84 0.00 0.00 0.60 67.70 13.25 0.00 0.00 0.82 
4 0.63 66.69 16.78 0.00 0.00 0.61 65.62 19.81 0.00 0.00 0.62 68.68 11.30 0.00 0.00 1.99 
5 0.65 67.33 17.55 0,33 0.00 0.62 65.33 22.36 0.33 0.00 0.64 69.96 10.95 0.00 0.00 3.58 
6 0.68 68.16 15.09 1,33 0.00 0.63 65.68 19.67 0.67 0.00 0.66 71.43 9,59 0,00 0.00 4.23 
7 0.69 67.91 15.13 3.00 0.00 0.65 65.90 18.95 1.67 0.00 0.67 72.42 7.49 0,00 0,00 5.84 
8 0.71 68.55 13.65 3.67 0.33 0.66 65.88 16.98 2.00 0.00 0.68 73.04 7.97 0.00 0.00 6.18 
9 0.73 69.57 11.11 6.67 0.33 0.67 66.13 17.77 5.00 0.33 0.70 74.27 6.82 0.00 0.00 6.62 
10 0.74 69.48 11.99 8.67 0.33 0.69 66.87 13.86 6.33 0.33 0.72 75.38 5.09 0.33 0.00 8.59 
11 0.75 69.85 12.03 11.67 0.33 0.69 66.20 11.64 8.00 0.33 0.72 75.96 4.82 0.67 0.00 8,90 
12 0.76 69.57 10.00 13.00 0.33 0.70 66.40 15.13 9.33 0.67 0.73 76.67 3.96 1.00 0.00 10.31 
13 0.77 69.54 10.54 13.33 0.33 0.71 66.27 11.62 12.00 1.33 0.74 77.51 2.70 1.67 0.00 11.56 
14 0.77 69.49 9.51 14.00 0.33 0.71 66.41 12.12 13.33 1.67 0.74 77.69 2.48 2.00 0.00 11,89 
15 0.77 69.35 9.70 15.67 0.33 0.72 66.68 10.31 14.00 1.67 0.75 78.17 1.98 2.33 0.00 12.83 
16 0.78 70.04 9.05 16.00 0.67 0.73 66.72 9.68 14.33 1.67 0.75 78.42 2.01 2.67 0.00 12,11 
17 0.77 69.53 8.11 16.67 0.67 0,74 67.67 11.75 14.67 1.67 0.76 78.68 1.81 3.00 0.00 13.29 
18 0.77 69.11 8.62 17.67 0.67 0,74 67.32 12,53 15.67 1.67 0.75 78.99 1.10 3.33 0.00 14.33 
19 0.77 68,54 6.97 18.00 1.00 0,74 66.72 10.90 16.00 1.67 0.75 79.03 1.27 3.33 0.00 15.37 
20 0.78 68.76 8.35 19.00 1.33 0.74 66.25 8.89 16.33 2.00 0.76 79.29 0.84 3.67 0.00 15.53 
Table B.52 Progress from reciprocal recurrent selection for complete dominance genetic model and selection in­
tensity 30%. 
RRS Selection Populations 
Cycle A B AB 
Fixed Loci Fixed Loci Fixed Loci 
Freq. Mean AG AA aa Freq. Mean AA aa Freq. Mean FFG AA aa Heterosis% 
Half-Sib 0 0.50 59.85 34.92 0.00 0.00 0.50 60.13 30.63 0.00 0.00 0.50 m),02 20.16 0.00 0.00 -0.17 
1 0.55 63.85 26.34 0.00 0.00 0.53 62.22 24.97 0.00 0.00 0.54 62.72 19.30 0.00 0.00 -1.78 
2 0.57 65.72 24.40 0.00 0.00 0.55 63.09 23.04 0.00 0.00 0.56 64.31 17.96 0.00 0.00 -2.14 
3 0.62 67.64 17.65 0.00 0.00 0.58 64.42 22.85 0.00 0.00 0.60 67.12 15.52 0.00 0.00 -0.76 
4 0.64 68.75 17.89 0.00 0.00 0,58 64.55 21.02 0.00 0.00 0.61 67,99 12,84 0.00 0.00 -1.08 
5 0.67 69.42 17.14 0.00 0.00 0.60 64.99 17.61 0.00 0.00 0.64 69.97 11.19 0.00 0.00 0.80 
6 0.68 70.59 15.33 0.67 0.00 0.62 66.08 18.46 0.00 0.00 0.65 70.90 10,03 0.00 0.00 0.45 
7 0.69 70.42 16.71 0.67 0.00 0.63 66.07 18.32 0.33 0.00 0.66 71.69 9.66 0.00 0.00 1.82 
8 0.71 71.07 13.77 1.33 0.00 0.64 66.47 18.54 0,33 0.00 0.67 72.49 8.15 0.00 0.00 2.08 
9 0.73 71.75 12.12 1.33 0.00 0.65 66.82 18,84 0.67 0.00 0.69 73.56 7.68 0,00 0.00 2.58 
10 0.74 72.56 10.78 1.67 0.00 0.67 67.79 15.46 1.67 0.00 0.71 74,50 5.87 0.00 0.00 2.71 
11 0.74 71.86 13.74 2.00 0.00 0.68 67.79 15.33 2.00 0.00 0.71 74,71 6.10 0.00 0.00 4.01 
12 0.75 72.44 12.92 3.33 0.00 0.69 67.82 15.37 3.33 0.00 0.72 75.52 5,06 0.00 0.00 4,27 
13 0.76 72.49 11.67 4.67 0.00 0.69 67.42 15.08 3.67 0.00 0.73 75.70 5.31 0.00 0.00 4.49 
14 0.77 72.65 10.94 6,67 0.00 0.70 68.04 15.33 5.00 0.00 0.74 76,07 4,68 0.00 0.00 4.74 
15 0.77 72.58 13.47 7.67 0.00 0,70 67.89 16.39 5.33 0.33 0.74 76.56 3.68 0.00 0.00 5.51 
16 0.80 73.90 10.18 8.67 0.00 0.71 67.89 13.21 6.00 0.33 0.75 77,42 3.14 0.00 0.00 4.77 
17 0.81 74.06 10.39 9.67 0.00 0,72 68.14 15.15 7.00 0.67 0.76 77.62 2.89 0.00 0.00 4.81 
18 0.81 73.97 9.24 12.33 0.00 0.72 67.76 11.76 8.67 0,67 0.77 77.95 2.24 0.00 0.00 5.39 
19 0.82 74.08 9.35 13.33 0.00 0.73 68.11 11.07 9.00 0.67 0.77 78.38 2,00 0,33 0.00 5.80 
20 0.81 73.41 9,32 15.00 0.00 0.74 67.96 12.99 9.67 0.67 0,77 78.51 1.77 0.67 0.00 6.98 
Full-Sib 0 0.50 59.85 34.92 0.00 0.00 0.50 60.13 30.63 0.00 0.00 0.50 60.02 20.16 0.00 0.00 -0.17 
1 0.53 62.41 24.63 0.00 0.00 0.54 62.95 26.38 0.00 0.00 0.54 62,75 15,22 0.00 0.00 -0.99 
2 0.55 63.66 22.49 0.00 0.00 0.56 64.01 31.29 0.00 0.00 0.56 64.41 18.51 0.00 0.00 -0.86 
3 0.57 64.22 24.13 0.00 0.00 0,59 65.45 22.92 0.00 0.00 0.58 66.22 17,25 0.00 0.00 0.48 
4 0.59 65.15 22.40 0.00 0.00 0.62 66.78 20.48 0.00 0.00 0,61 67.82 14,24 0.00 0.00 1.10 
5 0.62 66.24 18.63 0.00 0.00 0.64 67.16 18.12 0.00 0.00 0.63 69.19 14.31 0.00 0.00 2.35 
6 0.63 66,63 19.88 0.00 0.00 0.65 67.36 22.33 0.33 0.00 0.64 70.18 12.87 0.00 0.00 3.08 
7 0.65 67.00 20.35 0.67 0.00 0.68 68.97 16.74 1.67 0.00 0.66 71.73 8,89 0.00 0.00 3.08 
8 0.67 67.78 16.67 1.33 0.00 0.70 69.68 15.30 2.00 0.33 0.69 73.42 8,62 0.00 0.00 4,41 
9 0.68 68.21 16.94 1.33 0.00 0.70 69.85 15.33 3.00 0.33 0.69 73.53 7.26 0.00 0.00 4.16 
10 0.69 68.33 15.93 2.67 0.00 0.71 69.87 14,75 4.00 0.33 0,70 74.41 7,41 0.00 0.00 5,01 
11 0.70 68.53 16.40 3.00 0.00 0.72 69.69 13.38 5.67 0.33 0,71 74.98 6.49 0.00 0.00 5.91 
12 0.72 69.29 15.46 4.33 0.00 0.74 70.28 11.59 7.00 0.33 0.73 75.86 5,06 0.00 0.00 5.88 
13 0.72 69.67 14.98 5.67 0.00 0.75 70.32 14.38 8.67 0.33 0.73 76.45 3.71 0.33 0.00 6.37 
14 0.72 68.95 12.86 7.00 0.00 0.76 70.27 9.81 10.00 0.33 0.74 76.96 3.40 0.67 0.00 7.07 
15 0.73 69.06 10.59 8.00 0.00 0.77 70.61 9.59 11.00 0,33 0.75 77.36 2.88 1.33 0.00 7.29 
16 0.72 68.62 10.46 9.00 0,00 0.77 70.48 10.41 11,67 0.33 0.74 77.88 2,64 1.67 0.00 8.39 
17 0.73 68.75 13.65 11.67 0.33 0.77 69,92 11.02 12,67 0.33 0.75 78,19 2.46 2.00 0.00 9.27 
18 0.74 69.05 10.35 13.33 0,33 0.77 70.07 9.22 13.00 0.33 0.76 78.50 2,17 2.33 0.00 9.03 
19 0.74 68.55 11.61 14.00 0.33 0.77 69.85 10.14 14.33 0.33 0.76 78.61 2.21 3.00 0.00 9.06 
20 0.74 68.53 12.85 14,33 1.00 0.78 69.99 8.33 16.33 0.33 0.76 78.95 1,19 3.67 0.00 9.24 
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APPENDIX C GRAPHICAL REPRESENTATIONS OF 
PROGRESS FROM 20 CYCLES OF SELECTION FOR 
DIFFERENT COMBINATIONS OF GENE FREQUIENCIES, 
RECOMBINATION UNITS, GENETIC MODELS FOR 
HALF-SIB AND FULL-SIB RECIPROCAL RECURRENT 
SELECTION 
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Figure C.l Progress from reciprocal selection for additive genetic model. 
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Figure C.2 Progress from reciprocal selection for partial dominance genetic model. 
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Figure C.3 Progress from reciprocal selection for complete dominance genetic model, 
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Figure C.4 Progress from reciprocal selection for overdominance genetic model, 
Recombination Units: S1 Recombination Units: S2 
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Figure 0.5 Progress from reciprocal selection for complete dominance and additive x additive interactions ge­
netic model. 
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Figure C.6 Progress from reciprocal selection for complete dominance and additive x dominance interactions 
genetic model. 
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Progress from reciprocal selection for complete dominance and dominance x dominance interactions 
genetic model. 
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Figure C.8 Progress from reciprocal selection for complete dominance, additive x additive, and additive x 
dominance interactions genetic model. 
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Figure C.10 Progress from reciprocal selection for complete dominance, additive x dominance, and dominance 
x dominance interactions genetic model. 
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20 Loci 40 Loci 
Half-Sib RRS 
80 Loci 
Progress from reciprocal selection for complete dominance genetic model and different number of 
loci. 
Recombination 0,5 Recombination 0.25 
Half-Sib RRS 
Recombination 0.1 
s 
s 
B 
0 5 10 15 20 
Cycle 
S 
S 
% 
0 5 10 15 20 
Cycle 
C.l 3 Progress from reciprocal selection for complete dominance genetic model and different recombination 
fractions. 
Envlormantal Variance 60 Environmental Variance 120 
Half-Sib RRS 
Environmental Variance 240 
Figure C.14 Progress from reciprocal selection for complete dominance genetic model and different environmental 
variances. 
Selection Intensity 10% Selection Intensity 20% 
Half-Sib RRS 
Selection Intensity 30% 
Figure C. 15 Progress from reciprocal selection for complete dominance genetic model and different selection 
intensities. 
142 
REFERENCES 
Becker, R. A., J. M. Chambers, and A. R. Wilks. 1988. The new S language. 
Wadsworth &: Books/Cole, Pacific Grove, CA. 
Betran, F. J. and A. R Hallauer. 1996a. Characterization of interpopulation genetic 
variability in three hybrid maize populations. J. of Heredity 87:319-328. 
Betran, F. J. and A. R Hallauer. 1996b. Hybrid improvement after reciprocal 
recurrent selection in BSSS and BSCBl maize populations. Maydica 41:25-33. 
Coley D. A. 1999. An intoduction to genetic algorithms for scientists and engineers. 
World Scientific Publising Co. Pte. Ltd, Singapore. 
Comstock, R. E. 1979. Inbred lines vs. the population as tester in reciprocal recurrent 
selection. Crop Sci. 19:881-886. 
Comostock, R. E., H. F. Robinson, and P. H. Harvey. 1949. A breeding procedure 
designed to make maximum use of both general and specific combining ability. J. 
Am. Soc. Agron. 41:360- 367. 
Cress, C. E. 1967. Reciprocal recurrent selection and modifications in simulated 
populations. Crop Sci. 7: 561-567. 
Crow, J. F. and M. Kimura 1970. An introduction to population genetics theory, 
Harper and Row, New York. 
Damerval, C., A. Maurice, J. M. Josse, and M. de Vienne. 1994. Quantitative trait loci 
underlying gene product variation. A novel perspective for analyzing regulation of 
geome expression. Genetics 137:289-301. 
Douglas, A. G., J. W. Collier, M. F. El-Ebrashy, and J. 5. Rogers. 1961. An evaluation 
of three cycles of reciprocal recurrent selection in a corn improvement program. 
Crop Sci. 1:157-161. 
Eberhart, S. A. 1964. Least square method for comparing progress among recurrent 
selection methods. Crop Sci. 4:230-231. 
143 
Eberhart. S. A.. S. Debela, and A. R. Hallauer. 1973. Reciprocal recurrent selection in 
the BSSS and BSCBl maize populations and half-sib selection in BSSS. Crop Sci. 
13:451-456. 
Eyherabide, G. H. and A. R. Hallauer. 1991a. Reciprocal full-sib selection in maize. I. 
Direct and indirect responses. Crop Sci. 31:952-959. 
Eyherabide, G. H. and A. R. Hallauer. 1991b. Reciprocal full-sib selection in maize. 
II. Contributions of additive, dominance, and genetic drift effects. Crop Sci. 
31:1442-1448. 
Falconer, D. S. 1989. Introduction to quantitative genetics. 3R D  edition. John Wiley, 
New York. 
Fraser, A. and D. Burnell. 1970. Computer models in genetics. Mc Graw-Hill, New 
York. 
Goldberg, D. E. 1989. Genetic algorithms in search, optimization, and machine 
learning. Addition Wesley Longman, Reading, Massachusetts. 
GrifBng, B. 1962. Prediction formulae for general combining ability selection methods 
utilizing one or two random mating populations. Aust. J. Biol. Sci. 15: 650-665. 
Hallauer, A. R. 1985. Compendium of recurrent selection methods and their 
application. Critical Rev. Plant Sci. 3(l):l-33. CRC press, Inc., Boca Raton, FL. 
Hallauer, A. R. 1970. Genetic variability for yield after four cycles of reciprocal 
recurrent selection in maize. Crop Sci. 10:482-485. 
Hallauer, A. R. and S. A. Eberhart. 1970. Reciprocal full-sib selection. Crop Sci. 10: 
315-316. 
Hallauer, A. R. and J. B. Miranda. 1995. Quantitative genetics in maize breeding. 2N D  
edition. Iowa State University Press, Ames, Iowa. 
Hayes, H. K. and R. J. Garber. 1919. Synthetic production of high protein corn in 
relation to breeding. J. Am. Soc. Agron. 11:308-318. 
Hull, F. H. 1945. Recurrent selection for specific combining ability in corn. J. Am. 
Soc. Agron. 37: 134-145. 
Jenkins, M. T. 1935. The effect of inbreeding and of selection within inbred lines of 
maize upon the hybrid made after successive generation of selling. Iowa State J. 
Sci. 3:429-450. 
144 
Jenkins. M. T. 1940. The segregation of genes affecting yield of grain in maize. J. Am. 
Soc. Agron. 32:55-63. 
Johnson. S- C. 2000. The evaluation of full-sib hybrid for synthetic maize population 
improvement. MS Thesis. Iowa State University, Ames, Iowa. 
Jones, L. P., W. A. Compton, and C. 0. Gardner. 1971. Comparison of full and 
half-sib recurrent selection. Theor. Appl. Genet. 41: 36-39. 
Keeratinijakal, V. and K. Lamkey. 1993. Response to recurrent selection in BSSS and 
BSCB1 maize populations. Crop Sci. 33:73-77 
Kempthorne, O. 1973. An introduction to genetic statistics. 2N D  edition, Iowa State 
University Press, Ames, Iowa. 
Kimura, M. 1957. Some problems of stochastic processes in genetics. Ann. Math. 
Stat. 28:882-901. 
Lamkey, K. R., B. J. Schnicker, and A. E. Melchinger. 1995. Epistasis in an elite maize 
hybrid and choice of generation for inbred development. Crop. Sci. 35:1272-1281. 
Martin, J. M. and A. R. Hallauer. 1980. Seven cycles of reciprocal recurrent selection 
in BSSS and BSCB1 maize populations. Crop Sci. 20:599-603. 
Mather, K. and J. K. Jinks. 1971. Biometrical Genetics. 2N D  edition. Cornel Univ. 
Press, Ithaca, New York. 
MathSoft, Inc. 1999. S-Plus 2000 Programmer's guide. Seattle, Washington. 
MathSoft, Inc. 1999. S-Plus 2000 User's guide. Seattle, Washington. 
Michalewicz, Z. 1996. Genetic algorithms + Data structures = Evolution programs. 
3rd rev. and extended ed. Springer-Verlag, Berlin. 
Moll, R. H., C. C. Cockerham, C. W. S tuber, and W. Williams. 1978. Selection 
responses, genetic- environmental interactions, and heterosis with recurrent 
selection for yield in maize. Crop Sci. 18:641-645. 
Moll, R. H. and W. D. Hanson. 1984. Comparison of effects of intrapopulation vs. 
population selection in maize. Crop Sci. 24:1047-1052. 
Moll, R. H. and H. F. Robinson. 1966. Observed and expected response in four 
selection experiments in maize. Crop Sci. 6:319-324. 
145 
Moll. R. H. and C. W. Stuber. 1971. Comparision of response to alternative selection 
procedure initiated with two populations of maize (Zea mays L.). Crop Sci. 
11:706-711. 
Rademacher, M. A. M., A. R. Hallauer, and W. A. Russell. 1999. Comparative 
response of two reciprocal selection methods in BS21 and BS22 maize populations. 
Crop Sci. 39:89-97. 
Patemiani, E. 1967. Selection among and within families in a Brazilian population of 
maize (Zea mays L.). Crop Sci. 7:212-216. 
Patemiani, E. and R. Vencovsky. 1977. Reciprocal recurrent selection in maize (Zea 
mays L.) based on testcrosses of half-sib families. Maydica 22:141-152. 
Patemiani, E. and R. Vencovsky. 1978. Reciprocal recurrent selection based on 
half-sib progenies and prolific plants in maize (Zea mays L.). Maydica 23:209-219. 
Penny, L. H. and S. A. Eberhart. 1971. Twenty years of reciprocal recurrent selection 
with two synthetic varieties of maize. (Zea mays L.). Crop Sci. 11:900-903. 
Russell, W. A., D. J. Blackburn, and K. R. Lamkey. 1992. Evaluation of a modified 
reciprocal recurrent selection procedure for maize improvement. Maydica 37:61-71. 
Russell, W. A. and S. A. Eberhart. 1975. Hybrid performance of selected maize lines 
from reciprocal recurrent and testcross selection programs. Crop Sci. 15:1-4. 
Smith, O. S. 1979. A model for evaluating progress from recurrent selection. Crop Sci. 
19:223-226. 
Smith, O. S. 1983. Evaluation of recurrent selection in BSSS, BSCBl and BS13 maize 
populations. Crop Sci. 23:35-40. 
Spector, P. 1994. An introduction to S and S-Plus, Duxbury Press, Belmont, CA. 
Sprague, G. F. and 5. A. Eberhart. 1977. Corn breeding. In G. F. Sprague (ed.), Corn 
and corn improvement, p.18:305-362. Am. Soc. of Agron., Madison, Wisconsin. 
Sprague, G. F. and L. A. Tatum. 1942. General vs. specific combining ability in single 
crosses of corn. J. Am. Soc. Agron. 34: 923-932. 
Thomas, W. I. and D. B. Grissom. 1961. Cycle evaluation of reciprocal recurrent 
selection for popping volume, grain yield, and resistance to root lodging in 
popcorn. Crop Sci. 1:197-200. 
Venables, W. N. and B. D. Ripley. 1998. Modern applied statistics with S-Plus. 
Springer-Verlag, New York. 
146 
Winer, B. J. Statistical principles in experimental design, 2N D  edition, Mc G raw-Hill, 
New York. 
147 
ACKNOWLEDGEMENTS 
I would like to express my sincere appreciation and deepest gratitude to Dr. Arnel 
R. Hallauer, my academic advisor and co-major professor, for his excellent and always 
prompt advice provided throughout my graduate studies. His great support, encourage­
ment, and guidance will always be appreciated and will never be forgotten. 
I am indebted to Dr. Fredrick 0. Lorenz, my co-major professor for his valuable 
guidance, excellent support, and encouragement. I am obliged to him for providing 
financial support for a part of my graduate studies. I gratefully acknowledge all of his 
support. 
I would also like to thank Drs. Arden R. Campbell, Linda Pollak, Kenneth J. Koehler, 
and Theodore B. Bailey for serving on my graduate committee. A special thanks goes 
to Dr. Theodore B. Bailey for his suggestions. 
I am grateful to Dr. Rand Conger for providing financial support for a part of my 
graduate studies. I would like to thank Or. K. A. S. Wickrama for his numerous help 
during my studies at ISU. 
Appreciation is extended to Mary Lents (Plant Breeding), Rose Ann Anderson 
(Statistics), and Jeanette Grange (Statistics) for their assistance. A very special thanks 
goes to my mother. Thank you for your love and endless support throughout my aca­
demic career. 
